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^ Liquid crystal composition, liquid crystal device, display apparatus and display method. 



A iiQuid crystal compcsiticn. comprising at feast one mesomorphic compounc represented by the following 
formula (I): 



Y l Y 2 



( I ) 

' S ' 

< 

^ wherein R" and 'ndeoendertly cenote a linea' or branched alky I group hav ng 1 - 18 carbon atoms capaole of 
nciudmg one or non-neighbonng two or more methylene groups which can be replaced with at least one 
° species o + -0-. -CO-. -COO-, -OCO-. -OCOO-cr -CH(X)- with the proviso that -O- cannot directly be connected to 
O -O- and X denotes haiogen. Z denotes -COO- cr -CH : 0- X 1 and X : independently denote a single bone -0-. 
O -COO- -CCO- -CO- or -OCOC-. A" denotes a sngie Dona, 

© 

Q. / — s N-,, N N-N 



N — -N -S' 



CH • 3ls r> r-ss Ser. - 




V anc y"- independently denote hycrocer halogen -Cm-.- m CF - - and at leas: one mesomo-phic compound 
representee; by the ; oilowing fcrmu a ill) 

R 3 -X 3 -A 2 ^> A 3 ^-Z 2 -A 4 t R -X 4 -R 4 (II), 



wherein R- and R~ mceoendenty denote a Smear or brancnec a»Kyi group having 1 - 18 caroon atoms capan e of 
including one or ron-netqrbcrmg two or more methylene groups when ca~ be replaced with at least one 
scscies cf -0- -CO- -C00-. -OCC-. -OCOO-or -CHiX>- with the proviso :ha: -0- cannot directly oe connected tc 
-O- and X demotes haogen: X and X £ independently denotes a single bond. -O- -COO-. -OCO-o? -CO- 
cenotes a single bond. -COO- o- -0C0-: Av A and A- independently denote a single cend 




Y ; and Y* independently denote hydrogen, halogen. -CH : . or -CF 3 : and b ?s 0 or 1 with the proviso that X J is a 
single bond when A- is a single bond, and X i ts a single bona wnen A is a stngle oond and k is 0. The liquid 
crystal composition is easily aligned by a simpie rubbing method to provide a uniform monodomam and fur:he r 
proviaes wider dnving voltage ana temperature margins effective for providing a practical ferroelectric liquic 
crystal aevice 
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FIELD OF THE INVENTION AND RELATED ART 



The present invention relates to a nove liquid crystal compos'tion, a liquid crysta device, a aiSDlay 
apparatus and a display method, and mure particularly to a novel liquid crystal composition with improved 
responsiveness to an electric field, a liquid crystal device using [he liquid crystal composition fc use in a 
display device, a liquid crystai-cptical shutter, etc., a display apparatus using the device, and a display 
method using the composition and device. 

The use of hcuic crystal devices having testability has been proposed by Clark and Lagerwali (e.g. 
Japanese Laid-Open Patent Appin. No. 56-107216. U.S. P. No 4367924, etc.). In this instance, as the liquid 
io crystals laving bistability. ferroelectric liquid crystals having chiral smectic C-phase (SmC-) or H-phase 
(SmH-) are generally used. These liquid crystals have bistable states of first and seconc stable states with 
respect to an electric field applied thereto. Accordingly, as different from optical moaulation devices in 
which the conventional TN-typc liquid crystals are used the bistable liquid crystal molecules are oriented to 
first and second cptically stable states with respect to one and the ether electric field vectors, respectively 
'6 Further, this type of hquia crystal has a property (bistability) of assuming either one of the two stable states 
in response to an applied eiectnc and retaining the resultant state in the absence of an electric field 

In addition to the above-described characteristic of showing bistability. such a ferroelectric liquid crystal 
(hereinafter sometimes abbreviated as "FLC") has an excellent property, i.e., a high-speed responsiveness. 
Tnis ; s because the spontaneous polarization of the ferroelectric liquid crystal and an applied electric field 
?.o directly interact with each other to induce transition of orientation states. The resultant response speed is 
faster tnan the response speed due to tne interaction between dielectric anisotropy and an electric field by 
3 to 4 digits 

Thus a ferroelectric liquid crystal potentially has very excellent characteristics, and by making use of 
these properties, it is possible to provide essential improvements to mary of problems with the conventional 

P5 TN-type devices Particularly, the application to a high-speed optical shutter and a display o*. a high density 
and a large picture is expected 

A simple matn> display apparatus including a oevice comprising such a ferroelectric liquid crystal iaye^ 
between a pair of substrates may be driven according to a driving method as disclosed in, eg. Japanese 
Laid-Open Patent Applications Nos. 193426 1984 193427 1984. 156046 1985 ana 156047 1985. 

no Figures 4 and 5 are waveform diagrams snowing driving voltage waveforms aacpted in driving a 

ferroelectric iiqud crystal oanel as an embodiment of the liquid crystal device according to the present 
invention Figure 6 is a plan view of such a ferroelectric liquid crystal panel 61 having a matrix electrode 
structure Referring to Figure 6. the pane! 61 comprises scanning lines 62 ana data lines 63 intersecting 
with the scanning lines. Eacn intersection comprises a ferroelectric liquid crystal disposea between a 

: c > scanning hne 62 and a data Ime 63 to term a pixel. 

Referring to Figure 4. at S s is shown a selection scanning signal waveform applied to a selected 
scanning line, at S PJ is shown a non-selection scanning signal waveform applied to a non-selected scanning 
ime at l s is shown a selection aata signal waveform (providing a black display state) applied to a seiectec 
data line, and at l N is shown a non-selection data signal waveform (providing a white display state) applied 

jo to a non-selected data line Further at Os-Sc) and (lfvj-S s ) in the figure are shown voltage waveforms applied 
to pixels on a selectee scanning line, whereoy a pixel supplied with the voltage (l s -S s ) assumes a black 
CJSpay state and a pixel supplied with the voltage (l N -S s ) assumes a white dtsoiay state. Figure 5 shows a 
time-serial wave'orm used *or providing a display state as shown m Figure 7 

In tne driving embodiment shown in Figures 4 and 5. a minimum duration At of a single oolanty voltage 

j c - app'-ed to a pixel on a selected scanning line corresponds to the period o l a writing phase t- and the 
oerioc of a one-ime clearing rjnase t- is set to 2At. 

The parameters V 3 , V, and At m the driving waveforms shown in Figures 4 and 5 are determined 
depending on switching characterises of a ferroelectric liquid crystal material used. 

Figure 8 snows a V - T characteristic, i.e.. a change m transmittance T A/hen a driving voltage denoted 

50 tr, iV s + V ( ) is changed while a bias ratio as mentioned herembeiow is keor constant. In this embodiment, 
the parameters are fixed at constant values of At - 50 us and a D;as rat o V, (V +V S ) = 1 3. 

On the right side o* Figure 8 is shown a result when the voltage (In-S s ) shown in Figure 4 is applied to a 
pixel concerned, and cn the left side of Figure 8 is shown a --esu't when the voltage (l s -S s ) is applied to a 
pixel concerned, respectively wmle increasing the voltage (V s + V ). On both sides of the ordinate, the 
absolute value of the voltage (V s + V.) is separately indicated Herein, a voltage V- denotes the minimum 
atsoiute vaiue cf fV s + V,> reauirea for switching from a Amite state to a biacK state by applying a voltage 
V 3 - at (k-S s ) shown in Figure 4. a voltage V; denotes the minimum absolute value of (V s + V,) required for 
switchirg iresettng) a black state to a white state by applying a voltage V c at (l N -S s ). and a voltage V- s 
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;he maximum absolute value o : -V s -V> -equrec fjf retaining a white state ie. oeycna .vhirh a oixei 
;orcemeo written m *mte ■ £ unexpectedly inverted tic a black state by app yirg a vcitage V B a: il f .-S s > in 
this instance, a -elationship of V; < V- < V. -oi.js *he voltage V- may be referrec tc as a threshold 
vo'tage m actual drive and the voltage V- may be referred to as a crosstalk voltage Sucn a crosstab 
voitage V. is generally present m ac:ua> matrix, drive of a fetroelectnc iqud crystal device In ar actual 
drive AV = in/ .-V' provides a range of V s V | al lowing a mat-i* drive and may be referred to as a 
(driving) vo-tage margin which is preferaoiy :arge enough It s of course possible to increase the value of 
V: and thus AV ■ = V, - V- > by increasing the bias ratio (i.e.. oy causing the bias ratio tc approach a unity) 
However a ,arge oias ratio corresponds to a large amplitude of a aata signal and eaas to an increase in 

*c flickering and a lower contrast, thus being unaesirace m resoect of mage quality According to our study a 
bias ratic of about 13-14 was practical Or the other nana, when tne bias ratio is <ixec. the voitage margin 
AV strongly deoends on the switching characteristics of a nqud crystal material used, and it is need'ess to 
say that a liquid crystal materia, providing a .arge AV is very advantageous for matrix drive 

The upper and lower limits o ; application voltages and a difference therebetween (drvmg voltage 

"r marg-r A V; by wmcn selected Dixeis are written m two states of "b.ack" and "wmte" and non-selected 
oixeis can retain the written "black" and "white" states at a constant temperature as described above vary 
depending on anc are nherent to a particular liquid crystal mater ai used Further the envng margin is 
debated according to a change in environmental temperature, so tnat ootimjm driving vcitages snould be- 
set m an actual display apparatus accorcing to a hauid crystal matena used and an environmental 
2Cj temperature 

In a practical use. however when tne display area of a matrix display apparatus is enlarged, the 
differences in environmental condit.ons (sucn as temperature and ceil gap between opposite electrodes) 
naturally increase so that it becomes impossible to obtain a good quality of image over the entire display 
area by using a liquid crystal material having a small driving voitage margin 
25 lr order to realize such a matrix display apparatus, an alignment characterise of the liquid crystal 

material used becomes an important factor. 

On the ether hand, the liquic crystal materials assuming a chirai smectic C phase (SmC.) are liable to 
cause a zig-zag defect or an alignment defect at an area around a gap-retaining material such as spacer 
beads in a liquid crystal cell when the above rubbing (treatment is concucted. Further, the liquid crystal 
30 mater;ais assuming SmC- are also liable to cause an alignment defect due tc difference in rubbing state of 
an alignment film. The difference is caused by. eg., surface unevenness of the alignment film due to the 
liquid crystal device structures used. 

These problems may be attributable to the fact that an SmC- phase is provided through some phase 
transitions from an isotropic phase on temperature decrease in many cases anc is close' to a crystal state 
3b than a nematic phase 

The above-mentioned alignment defect leads to drawbacks of lowering m testability characteristic of the 
SmC- liquid crystal materials lowering in image quality and contrast or occurrence of crosstalk 

SUMMAR Y OF THE INVENTION 

Jo 

The present invention «s accomplished in order to solve the above-mentioned problems of the 
conventional liquid cystai devices and aims at realizing a ferroelectric liquid crystal device which is 
expected tc oe applied to a high-speed optical shutter and a display of a high density and a arge picture. 

An object o ; the present invention is to provide a liquic crystal composition which is easily aligned by 
45 simple ruoomg treatment and provides a monodemam having a uniform alignment characteristic and no 
defects. 

Another object of the present invention is tc orovide a liquid crysta composition havng a arge driving 
temperature margin and a wide driving temperature margin affording satisfactory drive of entire pi<els even 
when seme degree of temperature fluctuation is cesent over a display area comprising the pixels of a 
5: iqud crystal device. 

A tjrther object c ; the present invention is tc provide a liquid crystal cevice us ng such a liquid crystal 
comDOSition and showing improved driving and display characteristics, ard a display apparatus using the 
device and a display method using the composition or the device. 

According to the cesent invention, there s provided a hauid crystal composition comprising: 
- at 'east one mesomorphic compound reoresented by the following formula (i) 
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y l y 2 

Rl-X^P^Z^.'^VA^X-R 2 (I) 

" s S ' N — ' 

wheren FT and P- independently aenote a Imea- or tranched aikyl group having 1 -13 carbon atoms 
capable of including one or non-neighboring two or more metnyiene groups which can be replaced with at 
least one species of -O. -CO-. -COO-. -OCO-. -OCOO-or -CH<X)- w^th the proviso that -O cannot directly 
be connected to -O- ano * denotes halogen. Z' aenotes -COO- or -CH : 0-. X' and incependentiy denote 
a single bond. -G-. -COO- -OCO- -CO- or -OCOO-; A' aenates a single bond. 



. ( N — > r- N N-N 

<o>- <o>< -<o< 4 f 



N-N _ 

■V y or -y V; 

^ o 7 ^ S ' 

V and V : independently cenote hydrogen, halogen. -CH 7 - or CF - and 

at least one mesnmorrnte compound represented by *he following formula (II) 

N 

R 3. x 3_ A 2^"y A 3 -tZ 2 -A 4 ^-X 4 -R 4 (II), 
S 

wherein R 3 and R 1 independent! v denote a ! irear 0" branched alky! group having 1-18 carbon atoms 
capable of including one o r non-neighbcnng two or rrore methylene groups wnicn can oe replaced with at 
least one species of -O- -CO- -COO-. -OCO- -OCOO-cr -CH(X)- with the proviso that -O- cannot directly 
be connected to -O- ano -. denotes halogen; < and X 4 independently denotes a single bond. -C-. -COO-. 
-OCO-or -CO-. Z : denotes a single bona -COO- or -OCO- AC A : ana Ac independently denote a single 
Done, 

Y 3 y 4 



0y, -i h > , <qV. ^qv. -/V, A 'Oh < <£)> 



N— ' — N S 



: ;o> 



or 



"N 



V and Y 1 independently denote hydrogen, halogen. -CH-, or -CF : ; and k is 0 or 1 with the proviso that X f is 
a sirgle oond when A* is a smgie bond, and X : sa Single bone when A' is a single bond and k is 0 

According to the present invention there is also provided a liquid cr/stal compositon ccntammg the 
above composition ana a mesomorphic compound represented by the following formula 
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F 

R 5 -X 5 ^ A VZ 3 KO>X 6 ~CH-C u H 2u+ 1 (III), 
' — / — * 

"herein FT denotes a meat or crancred alky group having 1 - 1 8 carbon atoms uptionally having 3 
substitjent X denotes a smgie tone -O- -COO- or -OCO-. Z denotes a s ngie ound. -COO- -OCO- 
-CCS-or -SCO-. X"^ denotes -OCH.-. -COOCH : -. -COO- or 

-OtCH 2 t^O-CH 2 - 

.'/nerem < is an : nteger o f 1 - i 

~ x A > denotes A IlV, K . Q) V or -ZO>- ; 
' ' > ' Czr^r 

and u is an integer of 1 - 1 2 

The present invention provides a nquid crystal oevice comprising a pair cf electrode piates and the 
liquid crystal composition described above disposed between the electrode plates 

The present invention further provides a d<sp:ay apparatus comonsing the above-mentioned uquia 
cf crystal oevice. anc voltage applicatmn means for driving the uqjid crystal cevice 

Toe present invention still further provides a n spiay method using the houic crystal composit'On or the 
i. quid crystal device described above and switching the alignment direction of iquid crystal molecules by 
appiymg voltages to the uquid crystal composition to effect display 

These and other objects, features anc advantages o f the present :nventmn will become more apparent 
x upor a consiaeratior of the allowing description cf the preferred embodiments of the present invention 
taken in conjunction with the accompanying crawmgs. 

BRIEF DES CRIPTION OF THE DRAWINGS 

35 F gure 1 is a scnematc sectional view of a nauid cr/stal display device using a liquid crystal composition 
assuming a chiral smectic phase: 

Fgu r es 2 and 3 are schematic perspective views of a device cell embodiment for u-ustrating the 
operation principle cf a liquid crystal device utilizing femoeiectricity of a liquid crysta ccrDposition: 
Figure 4 shows unit driving waveforms used m ar embodiment of the present invention. Figure 5 >s time- 
j-" serial waveforms comprising a succession of such jnit waveforms: 

Fgu^e 6 is a plan view of a ferroe ectric 'iquid crystal panel hav ng a maw* eiectroae structure. 

F,gu-e ~* is an illustration of a display pattern obtained by an actual drive using the time-serial waveforms 

shown m Figure 5 

F-gu r e 8 is a V-T characteust c chart shewing a change m transmittance under app ication cf varying 
^ 5 drive voltages. 

F-gure 9 is a block diagram shewing a display apparatus compns ng a hcuid crystal device utilizing 
ferroe«ectnc«ty of a liquid crystal composition anc a grapmc controller ana 

Figure 10 is a time chart of ,mage data communication showing time correlation between signal transfer 
and driving with ^escect t: a nquic crystal display apparatus utilizing ferroelectncity and a graphic 

Controller 

DETAILED DESCRIPTION OF THE INVENTION 



Preferred examples of the mesomorch.c compound of the formula (I) may mciuce those represented by 
the following formulas 'la ana <le) 



EP 0 500 072 A1 



20 



35 




da), 



(lb), 



( Ic) , 



(Id), and 



(Ie), 



in tne above fcrmua da) - fie) R . R- . X'. X : Y' and v: are the same as defined aoove 
In the above-ment.ored formula (ii preferred examples of R' and R* may respectively include those 
r epresentec by the following groups <l-n to (l-ivi: 

il-n an n-aikyl group havng 2-16 ca r bon atoms, particularly 4 - 14 carbon atoms. 

(l-h) 

^CH 2 -^ r CH-C n H 2n+1 

wherein m is an nteger of 0 - 7 and n is an integer of 1 - 9 (optcaiiy active or inactive). 

5C il-m) 

CH 3 

-tCH 2 r^CH^CH 2 >3-0-C t H 2t+1 

wherein r :s an integer of 3 - T s is 0 or 1 . and : is an integer of t * 14 (optical y actue or inactive* and 
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F 

^ CH 2^p- CH - C x H 2x+l 
* 

Ahe-em p is 0 or 1 and * is an integei :»t 1 - " 4 

3 rcferrec e<amp-es of :he mescnorp-.ic compound of the 'crm^ia .lh ray -nc^ce these reoieserted 
by tnc foiinwirg formulas ( I la > to i Iqt 

Y 3 Y 4 

p3/\ r >V x 4. R 4 , IIa) 

y3 y 4 y3 y 4 
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Y 3 y 4 



- S ■ — 



(lie) 



y 3 Y 4 



' S — - N - 



(lid) 



R 3 -V 



Y 3 y 4 



N 



(JV X 4 -R 4 



( He) , 



Y 3 Y 4 Y 3 Y 4 

3 3 >cy N 



Rj - xJ "9 h i s KS^ x4 - R4 



( I If ) 



Y 3 Y 4 



rV h >^ v/(bfr-x 4 -R 4 




dig), 



Y 3 Y 4 



dlh). 



Y 3 Y 4 



R 3 -X 3 



(Hi). 



~ s/ ^O)— x R 



dij). 



3_ x 3v.^\ 



N 



(Ilk), 
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— Y 3 Y 4 

>3 - x3 ~ T ! — , N - W , - film) 



yJ yt 



N ' S 



Y 3 Y 4 



p 3 _ x 3 ^ £ ~VT) ^ X 4 - R 4 

— S ' N— 



I In ) 



( Ho) 



y3 y4 

F 3 -X 3 ^0>/^><^x 4 -R 4 (IIp)/ and 

N — " v S ' — ' 

Y 3 Y 4 

— * S ; s - N 

In the abDve. R R- . .«: < c Z : V and V are the same as defined above 

In the aoove formulas .llaj - diq). further preferred examples of the mesomorphic compound of the 
f orm.u.c (ID may mctude tfose rep-esentec b; :he following formulas illaa) to (Una): 

Y 3 Y 4 



r3 ^ s >;^-h 4 , IIaa)# 
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( I lab) 



( Ilba) 



( Ilea) 



( I Ida) 



( Ilea ) 



(Ufa) 



(Hfb) 



(life) 



(Hfd) 



1 1 



EP 0 500 072 A1 



Y 3 y 4 

II \ q . 



Y 3 y 4 



N 



— s 



(Ilia) 



( Ilib). 



Y 5 Y 4 



' ^ 4 dlla), and 



R 



Y 3 Y 4 



P3 ^V>'^'-- X4 -^ 'Una). 



25 -n the above R : R" X" X~ V : " ana Y i are the same as def-ned above 

In the above-rrentiored fo-mu-a -11) p-efer-ed examples of R- and R- may respectively .ncluce those 
representee! oy the fol owing groups 
(11-0 to fll-tv) 

Hl-i) an n-a!kyl group having 2 - 16 carbon atoms, particularly 4 - 14 carbon atoms; 

3C fli-i!) 



CH 3 



^CH 2 ^CH-C n .H 2n , +1 



wherein m is an integer of 0 - 6 and n' is an integer of 2 - 8 (ooticaily active or nactive) 

(ll-!li 



CHn 
I 

f ch 2 h^CH -iCH 2 ti^O-C t - H 2t . +1 

wherein r' -s an integer of 0 - 6. s' :s 0 o- 1 and t' is an nteger of 1 - 12 (optically active cr inactive): and 



-fCH 2 ^CH-C x .H 2x , +1 

therein p' is 0 or l ano * ;s an mtege- of 1 - 14 

Preferred examcies of the mesomorpnc compound of me formula <lli) may inc uGe t^ose reoresentecl 
D y tne following formu'as lllaj - dllf) 
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R 



5 - x5 -0> C 00-((D-x6-CH-C u H 2u+1 (Ill-a) 



R ^ - X ^ - w urnn^ / \ _v6 



H .>-COO^ n (J>-X<»-CH-C u H 2u+1 ( Ill-b) . 

■ ' * 



R 5 -X 5 - 



.— N 

o 

— N 



! 

X 6 -CH-C u H 2u+1 



{ I I I-C ) 



F 

X 5 - Q O wx6 - CH - C u H 2u. 1 ( 1 1 1 -d ) , 

— s — * 



F 

R 5. x 5^ Q ^sco^Q rX 6 -CH-C u H 2u+ x (III -e ) , and 

N > * 



F 

R 5. X 5^ O n gVx 6 -CH-C u H 2u+ l ( I 1 1 - f ) . 

In the aoove. R- . < , / r and u are the sane as Defined above In the above formulas (Ilia) to (lllfj. 
further preferable examples may inciuae those of the formulas (Ilia) *o [lllo Further. X" and X" in the 
formulas illlai to (III') nav preferably induce the 'o-iow.nq combinations (Ul-i) to dll-vi: 





i) ' 


< 


:s a single bona and X' 


»S -O-CH:- 


f III- 


1 1 1 




is a single oona and X' 


iS -COO-CHr- 


(III- 


ii) 


< 


is a sing ie oond and X" 


is -OCO 


(III- 


V I 




is -0- ana <" is -O-CH 


■ -: ana 


<l;l- 


V ) 




•s -C- and is -COOC 





The mesomorphic "cmpounas represented Dy the general formula (I) may be synthesized tnrough the 
following reaction schemes 
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(Case where X 1 is a single bond 



FCC] 



or -C- ) 



O 



o 



;nci 



K 9 NNH 0 * H O 



n-CH. 



:0 



o 



HCON (CHJ ~ 
3 2 

poei _ 



HCON (CH 3 ) 
POC 1 -5 



P.-C-^^VCHO 

o 

LiAl FI 4 / \ Ag 2 Q 



COH 



o 

i) -a 



O 



i) -b 



o 



R-CH-,-V V-CIIO 



R-CH 



CH 2 OH 



ii ) -a 



2 \s 7 il 

O 

ii) -b 



In 



tie above. R denotes a I near or oranched alkyl grcup 
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7 0 



3C 



f Case where is -O- 



LiAlH, 



CH 3 O^J^CH 2 Ofl 



HBr 




-CO- or -OCO- ) 
II ti 



O 



o 



CH 3 COCl 
SnCl . 



CH^O-^^VcCH 
S 



3^ \„y p- 3 



o 

NaOBr 
NaOH aq. 



o 



HBr 



HO-^ycOH 

S H 

O 



iii) - a 
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in ) -a, b 



ROTs 
Alkali 

/ 



ncoci 



ROCOC 1 



R-CO-v 7 \v-Z 

o 



in :ne above. R derotes a linear or brarchca aiky group ana Z aenotes -CH^ OH c -COOH 



35 
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'Case where X 1 is -OC- ) 

i 

c 



O 



HCON (CH 3 ) 0 



?5 



/ N 



LiAlH 4 i 

3 8 s' 2 



NaOBr 



HOC v-cfuoh 



o 



ROK 



Ag 2 0 



R-OC 



0 



CH 2 OK 



3 I 

O 



ROH 



COH 



CH 3 C 



CC-R 

o o 



HaOBr 



iv) - a 



R-OC-/>-COH 

o o 

i v ) - b 



In the above. R denotes a irear cr branched alkyl group 
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React ion a 



R^X 1 ^ VCOH — - Ri-X 1 ^ ' \v-CC] 

o o 



1 7 

y 1 y " 



HO- O ^A X -X 2 -R : 



1 — v 



React ion b 



Y Y" 

n \ j .; 

R^X 1 -^' VCO^OVA 1 -X 2 -R 2 

s / j, - 

o 



R 1 _ X 1 -/]Y C H 2 O H R 1 . x 1 C H 2 O T s 



HO^^ r / -A 1 -X 2 -R 2 



yl y2 



Specific examples ot the mesomorphic compounds represented by the aDove-menttoned general 
formula (I) may include those shown by the fo-lcwinq structural formulas. 
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(I - 1) 



(1-2) 



(1-3) 



(1 - 4) 



c . J! 2S -k. v- - co -<o>- o 3 H 7 



'■S' 



o 



C, ,H > - C O -(pV- Ct H is 

S' II w 
o 



C H H - - -4 V- c O C5 H , , 

6 



'1-7 



C-H..-V V- CO— ((5V- CO— C„ft 



o 



o 



(1 - 5) 



(1 - 6) 



CO^OV- OC-C, ? H? 5 
• ' il w II 

o o 



C , H_ -L' i- C O -<oV- O C O-Cfl H 



s <-.- I! 



o 



il 

O 



c. 11 



co -.Or- c-c 1; H 2I 



o 



1C 
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I - • 8) 



C 6 H 13 -C CO-g^ 0-C 6 H, 3 

6 " o 



(1-9) 



C H 



CH OCH-fCH — (( V- CO-S)- C-C M H, 
* - * ^ I! w li 

o o 



(1 - 10) 



H 4V 



C H 3 

C O -/OV- 04CH,f-C H — C, H 5 



o 



(1 - 11) 



9^ 



C - 1 H 23^7>-CO-<0>- CO-fCH^CH-Cj 



H. 



O 



(1 - 12) 



CH. 



COHjOh 0-fCH 2 f-iCH-0-CH 3 



o 



(1 - 13) 



C H , 

I 

CH o-eH ( C-H-, ) A o 



-^TV CO-§-OCO-C 10 H ?1 

o 



0 



( 1 - 14) 



c,n 



CH C H, 



co .;o> - c 8 n, 



o 
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(I - 15) 



(1-16) 



C. hL — O -IT\- CO-^OV- OC — CH— C 8 Hi7 
a ^ ^ II W II * 

o o 



(1 - 17) 



I! ^ 

o 



CO-^OV- O-CH. CH-C&H13 
II W " * 

o 



20 



C, H_— C -JT\- CO-^OV- 0-C g H 17 
3 • II S X II W 

o o 



30 



(1 - 18) 



(1 - 19) 



( 1 - 20) 



(1 - 21) 



C c H 19 





co-(o 

I! 
o 



CO— C-H 
II 

o 



1 1 



C , oH- 



o 



r 

C^Hg CO— (OV O— Ci 1H23 
^ II W 



o 



s 



co-{by- co— C10H2 
o o 
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(l - 22) 

F 



o 



< 1 - 23) 



C H j F 

o 

(1 - 24) 

c^u 2t J/~\- co-Id 



■ v O-CcK,- 

^ II v_y aw 

o 



c 8 H 17 -^rV-co^V-o-c^, 3 



(1 - 25) 

F 

S - H 

O 

(1 - 26) 



F s C H 3 

CHc-C>-CO%-o 



O 



(1 - 27) 



F \ F 

C 5 H, ,— C -^~V- CO-{oS- CO — C H H, 

II V II II 81 

o o o 

(1 - 28) 



C • 2 \ I 2 , V C H ,0 -XOV- C 3 H 
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(1-29) 



C 8 H 17 ^T>CH 2 0 H§> C 6 H 13 



(1 - 30) 



C 14 H 29 -0" CH 2 O^KO-C 8 H, 7 



(1 - 31) 



CH, 



C 1 o H 2-C "^>- CH 2 0^-0-fCH 2 ^CHOC 3 H 7 



O 



* (1 -32) 



35 



(1 - 33) 



r 

C 3 H ^-^)~ CH vO-§-0-CH 2 CH- 



C fi H 



6 n 1 3 



(1 -34) 



C A H 9 -*i /- CH 2 0 -iO>- O — C 12 H 25 




-*5 



(1 - 35) 



C 



; h, -4 V c 



S !! 
n 



0-^0> <0>- C 12 H 25 
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( I - 36> 



C 12 H :5 -// s V CO-<OHO>- C 8 H 1? 
O 



(1 - 37) 



C 



i2H25 -0- C0-(O)-@- C 10 H2- 
^S" || v ^ w 

0 



( 1 - 38) 



C 



1 . _ 



1 2 25 




(1 - 39) 



3C 



(1 ~ 40) 



C 1 a H 2 9 



II 



co^M^- c o-c 5 H, , 

II w w II 51 

O O 



CH, 

C 5 H, !— O— CH-4€E ) 



*5 il 

Q 



(I - 4 1) 



C, ,H, s O -//V- 



C OHHhO- O C O — C 5 H, , 



u 



o 



( 1 - 42) 



C5H11 C V- CO -(d>-^C)V- CoH iq 

l : ^ i| - '- y 

o o 



.'4 
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( I - 43) 



C 1 1 H 2 2 




C H 3 

CO-^OWOV CO-(-CH,-hCHOCH 3 
II W ^ II * 

o o 



(1 - 44) 



C H: 



C 2 H 5 CH^C^ -F\- CO-X§HO>- C 6 H, 



O 



(1 - 45) 



CH, 



H9 ~5r ^°^§K§>- 0-CH-CH 2 -0-C 5 H, , 



O 



o 



7C 



(1 - 46) 



(I -47) 



C 6 H i7-0-?f 0 ~©~®- 0 - CH -' CH-CA 
O 



3 b 



C H- GO-feWoV- O— C 8 H 17 

vgX |j \_/ W 8 17 

o 



(1 - 48) 



0 - 49) 



o 



C H . -0 V CO 

o 



< 0 >" C U H 23 
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( 1 - 50) 



(I -51) 



(1-52) 



c € ,h, ,A< V co-<pHo>- o— c 8 h, 
o 



F F 

q, h !3 -A- co-<^g>- o-c 8Hl 
o 



C H r< CO-<0>-<§K- O -eC^-^-CH-0-C s H, 

o 



< 1 - 53) 



a - -i) 



(1 - 55) 



( 1 56) 



C 3 H ? -f)-CO-§^- 



•S- || w N" 
O 



C 6 n ' l 3 



, 4' ico-^KoV 

O 



C. H, , 

y 1 9 



CO-(OHO) 
S II W N J 
O 



C 1 1 H 23 



CHg -V \- CO-(OHO>- Q, .Hi • 
II W 
< > 
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(1 ~ 57) 



(1 - 58) 



(1 - 59) 



(1 - 60) 



(1 - 61 > 



(1 - 62) 



(1 - 63) 



O 



H 



1 9 



N- 



coHgHqh c 10 h 21 

O 



S II ^ N- 
O 



C H -IT\- CO-/py-(0>- C H 

o 



CO -HOMO)- C fi H, 

II W N V 

O 



q h, , JQy- co-§^o> c. c h 21 
o 



C_ 11 
r> 1 



6 



: i - 6-1 ) 



(l - 65) 
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o 



( 1 - 66) 



(1 - 69) 



(1 70) 



c H -/T\- C O hJoW<5>- C H 
O 



C, H. 



CO-(OHO)- C,,H, V , 
O 



(1 - 67) 



(1 - 68) 



C H 

6 1 3 



S~ V co-(o>-<oy- c h 



O 



C_ H 



1 5 



c o -^OHO 

O 



C 1 n H 2 



c_h . -M \- cohShoV 
15 ^ li ^ n v 
o 



C H 

11 2 3 



— k ■ 



o 
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(1 -71) 



(1 - 72) 



( 1 - 73; 



c 8 H -O- c o ^5Ho> c 7 h , 5 



*S" II ^ N" 

o 



C S H 17 



N- 



c o hOhoV- c 9 h, g 



o 



o 



10 



(1 - 74) 



< 1 - 75) 



J 5 



Cq H-j 




C O -(OHO) 
II W N 
O 



C-H, 



so 



< 1 - 70) 



U - 7 



C 9 H 19 -T)^C0H@HC5>- C 8 H 17 
O 



c on, o c o -<<5V-<;o> - c • 2 n , c: 
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30 



+ 
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( 1 - 85) 



( 1 - 86) 



(1 - 87) 



(1-88) 



(1 91) 



c, ,h., 5 ^/ Vco-{OHO)-c.,{i 5 

- " 5 S' li W N- 7 ^~ - 5 

o 



M?. II V ' XT — ' 



II — N" 
O 



C H CO-KOWO)- 
S' || v " N V 

o 



c 4 Ho ; 



I w N 

O 



(1 - 89) 



(1 - 90) 



co-{OHOV- O-CH, 

"S' II W N V 31 

o 



-S' || ^ N" 
0 



c,h, , -tl y- co-:oWo 
s- i! ' 7 n 
o 



O- C, r H 21 



« 1 - 92) 



( 1 - S3) 



H - 94 ) 



( 1 - 97 ) 



( 1 - 98) 
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C^H, , CO 

s ii 

O 



'6 1 



N- 

(OV- O — C„, H 



N" 



919 



C H co-;oho 
o 



O — C H 

-o 21 



H , 3 -^ _ V CO-0/-(OV O— C oH 25 



S li N" 

O 



30 



(1 - 95) 



< 1 - 96 ) 



C H 

p. 1 



co^oHoV O — C H 

^ II - ; N V 9 19 



C H 

6 1 - 



V c o jHcV o-tc h,4- o— c_ h. , 

— ' IV'- 7 2 1 5 11 



_ N 



- ~ 3 S II - N 

o 



o q u, 3 



•— • N Z\ 

o-r (<::»/- o-o, i-: iq 

N 
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( l - 99) 



F 



C 3 H 7 



N- 



co-^oHO)- c 6 3 

N 

O 



( i - ioo;) 



(1 - 101 ) 



C 3 H 7 



-Q- 



N- 

c o -(OHO}- C , 9 H 2 5 
|| v_/ N _/ ^ - 

o 



C 3 H- 




N- 

CO-(OHO}- O — Co H, 
N" 

O 



30 



(1 - 102) 



( 1 - 103'j 



C , H 9 co-@KOV- c 5Hl , 




N- 

co-toHO)- C 6 H 13 

' ' N" 



(1 - 104) 



(1 - 105) 



C H 

C 9 



0~ 



N- 

CO-(OHO)- C H , 



o 



N" 



8 1 



Jf 



i: 
O 



N 
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( 1 - K>:>; 



( 1 - 107 ) 



tl - 108) 



(1 109) 



0-1 10) 



(1-111) 




O 



(1-1 12) 

F F 

C r . II- 1 V C O <Q> - O)- O-C* H 

"3- |S N T " y 
O 
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(1 126) 



C H — ' 



C 1 

co-/o^:o>- H _ 
ll N 

6 
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(1 - 127) 



F 

c, ,h„, co-Q^dV- C r H 

' - < II V— / hj-/ 5 



1 1 



o 



(1 - 128) 



(1 -- 130) 



(1 - 131) 



( 1 - 133) 



C '^4 Vco-^o> 



O 



C 6 H 1 3 



(1 - 129) 



F 

co-B-lo)- 

O 



C, p H : , 



C H 

1 a 2 9 



N- 




co-^OHO) 
/ N " 

O r 



C H 

1 0 2 



N_N 



c o -<oV-^ V c. _ H 



o 



(1 - 132) 



N—N 



CH, 



C 8 H, r CO -(chJ/ \\ (CH,>-CH-C 2 Hc 

o 



N '- N 

c 6 h, , -v v- c o <o) JJ Vc,^ 



o 
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(l - 134) 

N_-N 



S'' il w xr 
o 

(1 - 135) 

F 



N-N 



(1 - 136) 



C O HoV^ ^ C H— Q H, 

o 



o 



(1 137) 



O 

(1 - 138) 



(1 - 139) 



o CO— C 8 H, 

o 



C. H- C H 2 O -(OHO)- C 8 Hi 7 



(1 - 140) 

F 

\ N—N 

C 4 H,, l( V CO -O) 7 / V - Cell, 3 

O 
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25 



(1-14 1) 

F 



, n-N 

•s j| — o - l 
o 



(1-142) 

C 4 H 9 -OC^^^CO^QVOVc in H 
0 0 



21 



( 1-143 ) 

CgH^-CO-^ 7 VCOK'OXO>- C 15 H 31 
j) ^S' ' - N- 1 



O 



( 1-144 ) 

, N- 



C 5 H 11 -OCO^VCO^(y><QVc 18 H3 7 
I S I! • N 



( 1-14 5) 



O 0 



T-O , r- N 



C 3 H 7^ >CO^CKO> C 16 H 33 
S • I — — N 



( 1-146 ) 



? F 3 



Representative examples of synthesis :f the compound cf the formula (h are shown below 
Synthesis Examoie 1 

4-(5-dodecyt-2-pynmidin/i»phonyi 5-hexylthiophene-2-carDoxyiate (Example Compoord No 1-67) was 
synthesized tnrough ihe fcslowirg steps i> - vh 
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C 5 H llCCl ♦ f\ . C 5 H H C^ 

O 0 



ii ) 



~ H 2 XNH 2 .H 2 Q 

'S 7 



C 6 H 13 ' 



O 



iii) 

C 6 H 13 ■rs + HCON(CH 3 ) 2 + P °C1 3 



C 6 H 13 ^YcHO 



iv) 

C 6 H 13^V CHO Ag2 ° ., C 6 H 13 h^-COH 

s s I 



v) 



C 6 H l3 ^>COH i_ C 6 H 13 -Q.CC1 

o o 



vi ) 



C 6 H 13 -/^-CCl + HO^Q)^Q>C 12 H 25 

o 

- C 6 H 13-{^CO-^^O^C 12 H 25 



S:ep i » Procucticn of 2-hexanoyith oonene 

In a 5 hter-f.ve-necked f<ask. 187.3 g -2.23 nnci) of thiophene 300 g (2.23 molt of n-hexanoyl chloride 
ana 2.7 iter of dry benzene were oiaced and cooea below 0 °C To the rnxture urde- stiring. 237.9 g 
'9 13x10" moll of SnCU was addec drcpwise n 1 hour beiow 0 °C The mixture was stirred for 30 mm 
oelow 0 -'C follower cy stirring 'or 3 5 nours while being gradually' restored to room temperature After the 
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reaction. 2 i ter uf 10 c o HC wav addec tc the reaction m xture. followed by stirring for 10 mm The 
separatee organic layer wa 5 successively washed three times with 500 ml each of 10 % HO water, b °b 
Na : CO: anc water 'cNowed uy drying with CaO : ana distiihng-off of the solvent to obtain 408 g of a crjde 
product The crude product was subjected tc reducec-pressure distillation in an atmosphere of nitrogen to 
obtain 313 4 g cf a pure oioauct (yield 77.2 °o). 

Step ii) Production of 2-he-;y'thiophene 

In a 10 ^ite-five-necked flask. 300 g (1.65 mol) of 2-hexanolthiopnene. 582.1 ml of 60 c o hydrazine 
hydrate ana 5 liter of diethyieneglycol we-e o aced ana reacted for 2 hours at 180 °C with distilling-off of 
excessive water and h/drazine hydrate. The mixture was cooled to 110 °C and 313.7 g of KOH was added 
thereto followed bv ncatmg again tor 2 hours or reaction at 180 °C After the reacfon the reaction mixture 
was poured into 10 liter or water extracted two times with 2 liter of isooropyl ether and washed four times 
with 2 liter of water followed by drying witn CaCl; anc distiiling-off of the solvent to obtain 235 g cf a crude 
product The crude product was subjectec tc reducoa-pressure distillation in an atmosphere o' nitrogen to 
ootam 230 g of a pure product (yieia: 83 °c) 

Step Production of 5-he<y!thiophene-2-carbaidehyce 

In a 3 htei-four-neckeo flask. 173.7 (2 38 mol) cf N.N-dimethylformamide was placed and cooled to 5 
°C, followed oy addition of 201 4 g .1.31 mol of POCh m 15 mm below 10 C under stirring. After stirring 
for 30 mm below 10 °C. 200 g < 1.1 9 mol) of 2-hexylthiophene was added dnopwise to the mixture m 10 mm 
at room temperature, followed by stirring for 1.5 hours and further stirring for 2 hours at 60 °C After the 
reaction, the reaction mixture was poured into 5 liter of icec water subjected tc 3 times of extraction with 2 
uter of chloroform and wasfed 6 times with 2 ite- of water The organic layer was dried with CaCL . followed 
by distillmg-off cf the so;veot and reduced-pressure distillation m an atmosphere of nitrogen to obtain 199.2 
g of a product (yield: 85.0 °c\ 

Step iv) Production of 5-he- ylthiophene-2-carho - yie acic 

In a 5 liter-four-ne:kec flask. 90.0 g '4.59>10 - ' mol) of 5-hexyltmophene-P-rarhaldehyde 540 ml of 
ethanol and a solution of 1~1.0 g of AgNO m 540 ml cf water were placed A so.ution of 91 8 g of NaOH in 
270 mi of water was added drepwise to the mixture in 30 mm. at room temperature, followed by stirring for 
1.5 hours. After the reaction the reaction mature was suojected to filtration, and the filtrate was acidified 
with 6N-HC! to precipitate a crystal The crysta- was recovered by filtration to provide a crude product. The 
product was subjected to 'ecrystaihzatior from 50 °c nyarous ethanoi to obtain 74.5 g cf a Dure product 
(yield 76 6 °oi 

Step v) Production of 5-hex /ithiophere-2-carDc»:y.ic chlonae 

10 ml of thiony* cnionae was addec to 1 0 g (4 72*10-- ml) of 5-hexylth ophene-2-carboxylic acid, 
followec by stirring for 4 r 0U 'S under heating at 8C °C and -emova; of excessve thionyl chloride by 
reducec-pressure dstillatior tc obtain 5-hexyithiophene-2-carbo>yiic cn;onde 

Step vi) Production of 4-<5-dodecy'-2-pyrimidinyi)phenyi 5-hexy lthiophene-2-ca'boxylate 

15 ml of pyridine was aodec to 0.80 g (2 36xt0- : moi) of 4-r'5-docecyl-2-pynmid ny /phenol, fol owed 
by cooling or an iced water bath To the mature. 0 54 g (2.36x1 0" : mol) of 5-hexylthiophene-2-carbonyl 
crorde was added, folowed ty stirring for 5 hours at room temperature After the reaction, the reaction 
m xture was poured into 1 00 m of water and acidified with zone, hydrochloric acid, followed cy three times 
of extraction with 50 ml of isopropy ether. The organic aver was washed w th water repeatedly until the 
washing IiquiC reachec neutrality. Allowed Dy drying with annydrous magnesium sufate and distillmg-off of 
the solvent tc obtain a crude product The crude product was ounfied by silica gel column chromatography 
'developing solvent hexane eth/i acetate = 10 1 . and recystall zed from ethanol to obtain 0 38 g of a pure 
proauct (y.eid 30 2 0 O ) 

Phase transition :emoerature (°Ci 
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58.4 69.6 95.7 

Cryst. SmC - N Iso. 

\ / 68.3 94.5 

35.8 \ / 44.2 
Sm3 

Herem . 
C-yst crystal, 
SmC. smectc C phase 
Sm3. smectic chase un-identified.) 
N. ncmatic chase, ar.j 
Iso isotropic pnase 

Synthesis Example 2 

4- ( '4'-aecylbipheny')-5-dcc&cyithiopnene-2-carbcx /late (Example Compound No l -37> was synthesized 
tnrough the fo"owmg marine- 

0 70 g of the above compouna was prepared in tne same mamc as m S/nthesis Example 1 except 
tnat 4'-ae:y!Dipnenyi-4-oi was used nstead of 4w5-occecy l-2-pyr midmyhphenoi and 5-dodecylthioDheoo-2- 
carbonyl chionde was used nsteac of 5-->e>yltn,ochene-2-carbon y i chionde *r Step vii of Syntnesis 
Example 1 (yield 7 3 0 °o). 

Phase transition temperature f°C> 



70 -° 7 ^-6 82.5 106.3 107 8 

Cryst.- Sm5 ^ Sm4 Sm3 ■ N Iso 

44.5 73.8 81.5 102.4 103.8 



Sm3. 4, 5 smectic phase lun-icentifiea) other than SmC 
Synthesis Example 3 

4-(5-octyi-2-pyrimidinyl)-2-fluorophenyi-5-butylthiophene-2-carDcyyiate (Example Compounc No. 1-104) 
Aas synthesized through the following marnec 

3 74 g ry the aocve compound was prepared in the same manner as in Synthesis Example 1 except 
that 4-(5-octyl-2-pyrimicinyi)-2-fluorophencl was used instead of 4-<5-docecyi-2-pynmidiny')phenol ana 5- 
aodecylthiopnene-2-carbonyl cnioride was used instead of 5-hexyith opnene-2-carbonyi chicnde in Stec v;» 
of S/ntnesis Example 1 (yield 39 4 c o) 

Phase 'ransitior temperature (°C) 



65.2 77 . 4 

Cryst. N — iso 

40.0 76.2 



Then, the compounds representea oy :he general formula dh may be synthesized through -he following 
reactor schemes A and 3 
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R eact ion sch erne A 

R 4 -X 4 -fA 4 -- 2 ^ A 3 -CCH. 

o 

j Brominat i on 



; * 

' Hexaxnethylenetetramine 



Hydrochloric acid 



R 4 -X 4 ^A 4 -Z 2 f ir A 3 -CCH 2 NH 2 - HC1 



R 3 -X 3 -A 5 -CC1 



O 



»3_ v 3_ n 2 



R- , -X^-A"-CNHCH 2 C-A 3 — tZ 2 -A 4 - rjr -X' 

| li i 
j o o 

P 2 S 5 or 



CH 3 0 ~'O/" P \ 0)~ 0CH 3 



( Lawesson 1 s reagent ) 



N 

R 3-X 3 -A 2 ^ \a 3 ^Z 2 -A 4 >t-X 4 -R 4 

s S ' 
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R 3 action sc heme B 
H 2 N-CH 2 COOH 



"3 1 9 
R"-X J -A Z -C-CI 



i o 

R 3 -X 3 ~A 2 -CNH-CH 2 -COOH 



R 3 -X 3 -A 2 - 



\ O / O 



R 4 -X 4 - i A 7 -Z 2 i lr A 3 -H 



i 

T 

R 3 -X 3 ~A 2 -CNHCH 2 C-A 3 ^Z 2 -A 4 ^X 4 -R 4 



s s 



P 2 S 5 or 



ch 3 o a ;q>p v p\oyocH 3 



\/l 

s s 



N 



3 -X 3 -A 2 ^"\A 3 ^A 2 -A 4 t]r X 4 -R 4 



r a case wnere X- X~ ara Z : are respectively -O 



-OC- 

i! 

o 



-co- 

i 

o 

or it is atso possible tc form a group of R--X---A-- or 
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R 4 -X 4 -fA 4 -Z 2 ^ ir - A 3 - 

ough the following steps fd) tu (o 

iaj Hydrcxyl goop or carboxyl grjup combined wth A : . A and A* ts modified with addition Df 
protective grouo into a non-i eactive or iesb reactive group such as -OCH3. 



-OC(CH-), 



Or 




5 



O 



capable of elimination reaction 

(b) Ring cosure is effected to form a thia/nie ring 

(O The protective group s enmtnateo ann men the R -X -A-- or 

R 4_ x 4_ fA 4_ z 2 ti _ A 3_ 

structure is formec 

Specific examples of :^e mesomorphic compouncs representee by the above-mentioned gene 
rmuta (Id may include tnose shown by the foilowmg structural formulas. 
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(2 21) 
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(2 - 1 b) 



(2 - 16) 



N. 



C 6 H, 3 C -@-0[ C H 



o 



6 "i 3 



(2 17) 



12 - 18) 



(2 - 19) 



N 



N — ~ 



C 8 H, 7 -<5> J I ~\-@~ Co H, 7 



(2 - 20) 



7 * 



c pHl7 ^o^/^ VKor c, 0 h 2 
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49 
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(2 - 36) 



(2 - 37) 



(2 - 38) 



(2 - 39) 



(2 - 40) 



N 



c . h -(OH/ HOh occh, 



S' 



2 "5 



o 



C 4 Hq — (OH^ ^OH O C Q 2 H ; 
V ~ / S' W II 

o 



c 5 h , . -<QH ,,MQH occ,^2 

o 



n 



C 6 H,,-(oM( V@-OCC,,Hj 

o 



(2 - 41) 



;2 42) 



C 6 H . 3 O C C, 3 H, 

O 



C H 



<OH' 



vOH OCC u H ; 

o 




M- 
// 



> OCCgH, 



li 

O 
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(2 - 50) 



(2-51) 



(2 - 52) 



(2-53) 



(2 - 54) 



(2 - 55) 



(2 - 56) 
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N 

c , H 9 -^H s ..MOh occ ie n 21 

o 



o 



C 5 H n<0)^ s )-ghOCC !ft5 

O 



O 



o 



N — o. 

o 



o 
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N- 



N n 

C . H ^^gH^V--<0>-OCC 12 H 2i 



(..> 



N- 

C H _ -(O)-^/ MO}- O C C H 

o 



CH.-B-^ V^OV-OCC H 



S' ' w II * 19 
O 



c_h._-(oM^ h5)-occ h 

o 



c g H, 7 -<joH^ HO)- o c a H . 



C H T -^> 0 °CC 3 H 17 
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55 
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N — r, | 

c 6 h ^oH^ M>5>-occ 



o 



F 



c 8 h,-h§>-4 Mo^oc 

"S' - !! 



!! 

O 



C, Ffc, O -©-4~V(0>- C3 H 7 



N 



•s- 



N_ 



F 3 C 



C 6 H 17 0-^^\^- 



C 5 K, 



c. iioo -©-^Ya^-- c 6 h 
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(2 - 85) 



(2-86) 



(2 - 87 > 



(2 - 88.) 



(2 - 89) 



C.HgO -\<J>-C v i -v< > 



C i 0 H 



0"2 l 



* r 

c s h 17 o -^5>4/^V<o^ c loH21 



C 10 H 2 ,O HgM' C 12 H 25 



N 



Q H ■ 3 C O -{OH HOh C A Hq 
•S' 

o 



N 

C 8 H, 7 CO^ 

o 



Oh Q H 



A "9 



(2 - 90) 



(2 - 91) 



N- 



c 5 h, ,co Ho>H/ 



(oV c 5 h„ 



o 



C 5 H, , C H C H v O 
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99) 



3C 



(?. - 100) 



(2 - 101.) 



(2 - 102) 



(2 - 103) 



(2 - 104) 



c s h,-co -@M?~3Ho>- C s H-- 



o 



N- 



C • oH 2 iCO -(OV^ MOV Cg Hi - 

o 



N — r 

C 2 H 2 <£ O HSV-^ V<pV- C 8 Hi 7 
II W S' W 
O 



N n, 

C 5 Hi ,CO C9H1 
O 



o 



( 2 - 105) 



N 



o 



N- 



6 



Oh- q 1 h 



2 3 



60 
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(2 - I 13) 



< 2 - 114 > 



QH Q CO OCcH 

" II w ^ 
O 



<2 - 115) 



( 2 - 116) 



(2 - 1 17) 



(2 1 18) 



(2 - 1 19) 



u 6 H, 3 c o -i<j^ ; V^o> - <:> C C fi H 
I! - y S ' ! ! 

o o 



6 ii : 3 



C ? H -. sCO -lp)-0 '^-(0)~ 0-{CH,bCHOC H 

o 



30 



CsH^CO-^oW' \Wc c H 

II '- 7 s- - y 
o 



! 1 



35 



C 10 H 2 1° H 0 /^' C 6 H 1 3 



C gH 1 7 — \ H 



' V(,0>-OCC 6 Hn 
s' - || 
o 



C i, H g -/h> -V 



■ -n. s 
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120) 



121) 



122) 



123) 



124) 



- 125) 



- 126) 



C sH, : -<h) O C u H 9 



o 



N 

C 9 H,cpC C 6 H i 

O 



H n, 

c h -<oM! /Hp)- c c H ^ 

o 



N- 

c 5 H n c -<oK_; \p>- - H 

o 



o 



N — ?1 

C 10 Ho, -4 /-< ; 0>- OCC B Hp 

O 
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X 



■2 - 127) 



123) 



(2 - 129) 



(2 - 130) 



(2 - 131) 



(2 - 132) 



(2 - 133) 
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C 6 H , 3-^ / ^^0>- COC 8 H 17 



O 



C : H -5^M§Hoy-OC 10 H 21 



Hl .J 



C io«2-^)-#-@HO<jC 5 H 1; 

O 



H, --0^§H§>- COC 8 H 17 

o 



C 4 H q -#3~@~@~ O C C 6 H , 



o 
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86 



3C 



35 



JO 



(2 - M8) 



■2 - 149) 



12 - 150) 



(2 - 151) 



(2 - 152) 



(2 - 153) 



(2 - 151) 
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F 

N- 




C 6 H , 3 -(0>-<( _ >-(0>- O C C 6 H i 2 

O 

M — „ 9 H 3 



C 6 H i3-^@H^,HO>- OC^CHj^CHCH, 



o 



CH3 N- 



C 2 HsCH^Cft^^^- OC 6 H 13 



f H3 N C H 3 

CH,CH^CH ? ) 7 -Q-^-O^CH 2 KCHC 2 H ri 



F N 



C5Hii ch4Qm@-oc 10 h 2 



N 



C 6 H ui2H v HO^oc 6 H,3 



C 6^3 ^OH^>-{0>-OC.H 15 
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155) 



C 6 Hi 3-©-# V"®- OC 8 H 17 



(.2 - 156) 



N 



c 6 h , 3-^OK s/ HO^ OCg H, 9 



< 2 - 157 ) 



C 6 H 13 -®H/ JV-(O>-0C, ,H 2: 



(2 - 158) 



N 



CH 3 



(2 - 159) 



C H- 



| 3 N 
C H3. C H ^_H§K JM§K OC 8 H 1? 



(2 - 160) 



N 

C 7 Hi 5 -<C^ JMg>- OC 6 Hi 3 



(2 - 161) 



c 7 Hi r s -(oy-O [^y-(&- o c 7 Hi 
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3 'J 



(2 - 162) 



(2 - 163) 



(2 164) 



(2 - 165) 



(2 - 166) 



(2 - 167) 



(2 - 168) 
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N 



C 7 H'5iOH / MO>-OCicH2l 



c 8 7 -<gH . J»-@- ° c 6 H ■ 



C e H, 7 -@-^^-@- OC 6 H 17 



CgH, 7 OC 10 H 21 



c 8 h, 7 -^o)4^y#- oc, 2 H : 
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(2 - 169) 



(2 - 170) 



(2 - 171) 



(2 - 172 ) 



30 

(2 - 173) 

?5 



(2 - 174) 

40 



(2 - 175) 
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C 6 H 12 -<0>-^_ V-<0>- 0-(CH^-CHC 2 H 5 



CflH,;-§^"V§-OC 15 H 3 , 



S H i9^§H. s .V<0>-OC 6 H i3 



N 



Cg H , 9 -fOH HO)- O Cy H , c 



C 9 H 19 -^|^>-^>-OC 8 H 17 



C 9 H 19 OC,^ ?] 



N 

Cg H , 9 V<g>- O C , , H 2 3 



"0 



(2 - 176 ) 



(2 - 177) 



(2 - 173) 



(2 - 179) 



(2 - 180) 



3'. 



(2-181) 



(2 - 182) 
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N n 



c ,o H 2 i HgH^>-@- oc 8 h 1t 



Ci 0 H 2 i H§H^ /~@^ 0ClcH21 



N 

C, ,H 23 ' OC 7 H 1 5 



N- 

C H — (0)-4' HOK O C H 
11 2 3 V_V xg/ W 10 2 1 
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(2 - 183) 



(2 184) 



(2 - 185) 



(2 - 186) 



(2 - 187) 



(2 - 188) 



C ^^s-X§>^/^>Hg>--OC G H. 



•<0>- OC H 
*S — ° ; 



c i2H 25 -^4^>^oq 0 H 



C n^;-§|}^OC 6 H 



C i 5 H 3 i O C 6 H, 



C H. 



c 1 H 5 ocH W a V ^H( 3 ^ OC£H|j 



(2 - 189) 

C G M ' , &4 }-@--- O -< C H, -)— - C H - 4 C 11, H C HC hL 



N — CH, CH 3 
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( 2-194 ) 

^ C 16 H 33 

( 2-195) 

C5Hn-@>^V N 0Vc 9 H 19 
S N ~~ ' 

(2-196) 

C 6Hl 3 0^g>f^y<§)- C ll H 23 

( 2-197 ) 

C 6 H 13^>f^KQV C 4 H 9 

( 2-198) 

<=.6H33KgH N ^^>C 18 H 37 

( 2-199 ) 

C 4 H 9 XOH N ^5^C 17 H3 5 

( 2-200) 

Cu«23i 3 XO>OC^C 4 „ 9 

o 

(2-201 ) 

C 2H 5 ^^XO>-OC 8 H 17 

( 2-202 ) 

Cl8H37^^@KgVcH 3 

Recresentative examples o ; svrtnes's :<f me icmpourds of the fo-muia >lli are shewn nerembelow 
Syntnesis Exannole 4 

2-(4-hoxyiphen/D-b-«4-pentancyicxypheny jthiazo'e (Example Compound No 2-53) was synthesized 
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tnrouyn the following iteus u - iv.. 
Step i » 

4-methoxyphenacyl bromide was prepared by brommating 4-methoxyacetophenone with tetraDutyarr- 
moniurr nbromme in the same mannei as .n "Bull Chen Soc Jon ". 60. 1159 (1987) 



Hexajnethylenetetramine 
(C 6 H 12 N 4 ) 



O 



ch 3 o^;Q;Vcch 2 nc 6 h 12 N3 
o 



HC1 



ch 3 o^QVcch 2 nh 2 • HC1 



35 



4-metnoxypner.ac/iannine hydrochloride was synthesized from 4-methoxyphenacyl bromide through the 
aocve reaction scheme according to a process shown m "Ber ". 44. 1542 n9ll>. 

Step id 



C 6 H 13-;Q>"CC1 

6 



HC1- H 2 N T CH 2 C- C)VoCH 3 



N 

o 



— " i! ii - 3 
b o 



To a solution of 26 9 g <120 nMi of 4-hexy loenzcy! chionce in 206 mi of pynd ne 22 2 g (110 mM> of 
4-methoxypnenacylamine hydrochloride was gracual'y added in 30 minutes under cooling ana stirring at -10 
to -5 C C. followed cy stirring for 30 minutes at -10 to -5 C C anc heat-ref uxing of 1 hour under stirring After 
the reaction. :he reaction mixture was cooled to room temperature and ooured into 600 ml of cool water tc 
precpitate a crystal. The crystal was recovered by filtration, washed with water and recrystailizec from 
ethancl tc obtain 19 6 g of 4-hevylbenzoyl-4 , -methoxyphenacyiamine [Yield: 50.5 %) 

Step nil 



^5 
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C 6 H 1 3 " \jr CNHCH 2 C^ Q - O C H 3 



O 



4 



>awesson * s reagent , N-^ 



C 6 H 13^0^ ^0-OCH 3 

s S ' — - 



HBr . k ^ 

c 6 H i^ rv - - r<-QH 

— S — ' 



In a 300 ml-ro^nc-bottomed flask 196 c (55 5 mM) of 4-hexyloenzcyl-4-methoxyprenacyiamine, 24.3 
G (60 1 mMi or Lawesson's reagent and 9" rr! of tetranyarofuran were placed fciiowed oy heat-refluxmg for 
1 hour under sttrnng Af*er the reactior the eacticn Cloture was pou-ec into a solution of 19 g of socium 
ryd-oxide m 2 ite-s of water n precipitate a crystal The cysta was recovered by filtration, successively 
wasned with water and ethano and ^crystallized from ethano 1 to obtain 15 9 g of 2-<4-hexyiDhenyM-5-<4- 
nr>etnoxypnenyi)tniazole (Yield 82 9 %) 
05 Then in a 300 ml-three-nec ked 'task 13 9 g (39 3 mM) of 2-(4-hex /iphenyl>-5-(4-metho <ypnenyl)tiazole. 

76 5 mi o* acetic acic and 59 5 mi of 47 0 o -hyarobromic acid were piacea followed by oeat-stimng for 16 
hours at 10C - 110 °C. After the reaction, the reaction m xture was pouren into cooi water followed by 
extraction w th ethyl acetate The organic :ayer was successively wasned w th water. 5 °o-sodium 
hydrogeneca-bonate aqueous solution and water followed by distillmg-off of the solvent under reduced 
pressure The residue was d s solved m a mixture solvent of ethanoi chloroform = 11 foi owed by 
decolcnzation with activated carbon and distillmg-off of the solvent ^nder reduced pressure The resultant 
residue was recystalrzec two t^mes from :oluene to ootain 10 0 g o* 2-(4-hexylphenyl)-5-(4-hyaroxypnenyn- 
thiazoie (Yieid: 75.8 °c), 

<5 Step iv) 



C 4 H 9 COCl 



C 6 H , 3 - [ ) H' V. O v OH 



C 6 H 1 3 "\'OV V C) - OCC 4 H g 

O 



To a solution of 0 60 g 1 1 78 mM) of 2-(4-he:<ylpneny »-5-(4-hyd^cxypheny ithtazoie m 10 ml of pyridine 
0 36 ml .3 03 mM) of pernancy; cnlonde was added on an ice wa:e r bath under stirring followed by ; urther 
stirring for 2 nours at room, temperature After the reacticn. the reaction mixture was poured moo 1 0C mi o' 
ice water to precipitate a crystal The crystal was recovered 0\ f.'tration and dissolved in toiuene, followec 
ov drying witn anhydrous sodium sulfate ara distill ng-off of the solvent Toe residue was .untied by silica 
^5 ge« column crvomatograpny (e-uent toluene) and recwstallizec from a mi/tur-3 solvent of to^ene-methanO' 
to obtain 0 64 g of 2-(--hexyiphenyh-5-(4-pentanoy toxyohenyothiazoie (Yield 85.4 ° 0 >. 

P n ase t^ansitton temperature f D C) 



'6 



+ 
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101.9 128.5 149.4 

Cryst. SmC n iso 

96-0 127.7 148.6 



SmC: snrecuc C phase and 
N: nematici phase. 

Synthesis Example 5 

2-(4-hexylphenyi)-5-<3-fluoro-4-heptanoyloxypnenyl)thiazole (Example Compound Nc. 2-148) was syn- 
thesized through the following reaction schemes in the same manner as in Synthesis Example 3. 



.'> 0CH 3 CH3C- O -OCHo 

(Yield: 89. 1 %) ji '^J J 



O 



■30 



F 

' — < 

- BrCH 2 C-:(jVoCH 3 

ll 

o 

F 

/ 

N 3 C 6 H 12 N^CH 2 C-;Q>OCH 3 
O 

F 

HC1 H 2 NCH 2 C-r)wOCH, 

O 



F 

C 6 H 1 3 A 0> C NHCH 2 C - Q> OCH 3 
O O 



(Yield: 33.7 %) 



(Yield: 80.5 %) 



-.5 



EP 0 500 072 A1 



— N T , . < 

C 6 H 1 3- C)"W V -OH 



F 

/ 



C 6 H 13-D^ V0V0CC 6 H 13 

— ' s — !! 

0 



^hasfi transition temperature 1 : C> 



(Yield: 75.3 %) 



S ^ — (Yield: 57.0%) 



51.1 119 121.2 128.8 

Cryst. ^ SmC - — - SmA N I so. 

44.5 1 19 120.7 123 



Then, the comoounds representee by the formula (III) may oe synthes zed througn processes as 
disclosed by. eg.. Jaoanese Laid-Oper Patent Apphcaticns (JP-A) No 22C42 1988 and 122651 1988. 

Specific examples of the mesomorphic compounas represented by the above-mentioned general 
formula (III) may include those snown by the following structural formulas 



78 



25 



35 



-IC 



<3 !) 



(3-2) 



(3 - 3) 



(3 - 4) 



( 3 - 5) 



(3 - G) 



(3 - 7) 
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F 

C 8 H i 7O C O 0 -{O}- OCbhC H — C 2 H 5 



F 

.C 8 H 17 0 COO H§>- OCH, CH— C A Hg 



C 0 H 21 O COO ^G>- OCH :: CH — C 4 H 



C 6 H i3° ~\P/- co ° -\°y OCHoCH— C 5 H, , 



CsHi^O — @H- COO OCH2CH-C5H 



1 i 



F 

C> 0 H 2 iO -@- COO -®- OCH2CH — C5H1 1 



F 

C* H , r~ O -('->)- C O O -(C 1 r- O C I i , C H — C 6 H n 



•g 
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(3 8) 



(3 - 9) 



(3 - 10) 



(3 - 11) 



(3 - 12) 



(3 - 13) 



(3 - 14) 



c -h , -o -(g>- coo -<oy OCH-C H-C 6 H, 3 



F 

c s H i -~° C ° O OCH ? C H-C € H, 3 



C • . H — O — \G)- COO — <'D/- O C H 2 C H — C 6 H- 3 

* 



C : 2H25O — <0>- COO — @- OCH- CH— Ce H- 



.3 



C 6 H n 3-O Hg>- COO -@- OCH-C H — C3 H- 



F 

/~\ — \ I 
C-H- : — O -(O)- COO -<0)- OCH,CH-C,H, 



F 

'-»Hi— O -(O)- COO ^<5V OCH.CII -C e H, 7 
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(3 15) 

F 

C 10 H 2V O COO -@- OCH 2 CH — C 8 H 17 

(3 - 16) 

F 

C, 2 H 25 -0 -®- COO — ((5) — OCH, CH-C 8 H n 

(3 - 17) 

F 

C fi H, -o HO>- COO h^-oc^ch-c,^ 

(3-18) 

CH, F 
C , H 5 ~ C H ~(C H O ^g>- COO O-C H 2 C H-C 6 H, 

(3 - 19) 

F 

C 3 H 7 -@- COO -@- O-CH, CH-C,H 9 
(3-20) * 

F 

C.hL, -©-COO-^O-CHjCH-C^ 
(3 - 21) " * 

F 

C 5 H , . -(h)- COO -<OK O-C H, C H— C H 



8' 
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• 



(3 - 22) 



(3-23) 



<3 - 24) 



(3 - 25) 



(3 - 26) 



(3 - 27) 



( 3 - 28 ) 



F 

C 3 H- -@-COO-@- O— CH 2 CH— C 6 H 



1 3 



F 

C.Ho -(h)- COO O-Cii CH-C 6 H, 3 



F 

C 5 H - i CO ° -^§>- O-CH, CH-C C H, 3 



C 3 H -7~®~ 000 -@-OCH CH-C 6 H 3 



C 3 H 7 COO OCR, CH-C 6 H.- 



C 5 H. , -(£)- COO -@>- OCH 2 CH-C 8 H, 



F 

C io H r""°"@~ COS ©~ O-CH, CH— C H 



* 6 1 3 
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Si 



(3 - 23) 

F 

C^FL^-O -<§>- COS O-CHjCH- C H 

(3 - 30) 

F 

C 8 H 1 7 — O COS -(dy O-C H 2 C H — C e H, 7 

(3-31) 

F 

C H —O -(OV- COS -(CO— O — CH CH — C H 
'0 2 1 V_/ \_/ 2 * Si- 

te - 32) 

F 

C 9 H 19 — O -<p)~ COO -@- COO— CH 2 CH— C 6 H 13 



(3 - 33) 



F 

C 10 H 2 .— O -®- COO -@- COO-CftCH-CgH, 



(3-34) 



c ,^ 25 — o -®- coo hJqV- coo-ch,ch-c 6 h 13 

(3 - 35) 

F 

C , ,Ho - — O COO -(0>- COO-CH^C H — C 6 H , 3 
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(3 - 36) 

F 

CfiHi — O -@>- COO Hg)- COO— .CFfc CH — CeH, 

(3 - 37) 

F 

C. H 1 , -^HK COO O-CHj ch-c 6 h 13 

(3 - 38) 

F 

C 8 H, T — O -<§>- OCO -(§>- O-CH, CH-CgH,, 

K3 - 39) 



C 6 H 13 -0 ~@- OCO -(g)- 0-CH 2 CH-C 8 H, 7 



70 

(3 - 40) 



C 9 H 17 — O SCO H@H O-CH, CH-C 6 H 

(3 - 41) 



C a H,.. -<0>- SCO -®- 0-CH 2 CH-C 6 H 1 

(3 - 42) 

rr 
1 

C,H, 7 — O ~{0)- S C O ^Q>- o--C H 2 C H — C £ H 1 



84 



(3 -43) 



(3-44) 



( 3 - 45 ) 



(3 - 46) 



(3 - 47) 



(3 - 48) 

-•o 



(3 - 49) 
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F 

C , 2H25-OCO -®- O C O ^O)— O— C H2 C H — C 6 H, 3 



CgH 17 0 @>- COO-CH 2 CH-C 6 H, 3 



C H — O — (O)— (O) — COO — CH CH— C H 

10 2 1 v — ' N — ' 2 * 6 13 



C 1 2 H 25° ~(§H§>~ COO— CH 2 CH— C G H 1 



F 

S H 1 5 -{oHo>- c 0 °~ c H 2 c h-c 8 H , 7 



C o H _— COO -(OWOV- O— C H CH— C H 



; 0 



CH, F 
C, i-L— CH — COO ~<§)^-{0>- O — CH, CH — C 6 H^ 
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(3 - 50) 

C H- 



C 3 H 7 -CH-COO -^g>-Hg>- O-CHo CH-C 8 H, 



(3-51) 



<3 - 52) 



(3 - 53) 



(3 - 54) 



(3 - 55) 



(3 - 56) 



F 

c e H, 7 -(py-((y)~ O— C H,CH-C 2 H 5 

N * 



F 

C , 0 H ^OHOV- O — C H,CH-C, 

N 2 * ^5 



F 

C i: H2 3 ~(p>~<0}- O— CH2 CH— C 2 H 5 



F 

C io H 2i ^SH2>- O-C^CH-C^ 
N — * 



F 



-N 



F 

C g H, 7 -^p> <o) O C 1L, C H — C 5 
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20 



30 



35 



(3 - 57) 



(3 - 58) 



(3 - 59) 



(3 - 60) 



(3 - 61) 



4 0 (3 - 62) 



C3 - 63) 



F 

C in H„ -(OHO)- 0-CH 2 CH-qH n 



F 

C, ^i 2S -(p}-<py- O-C^ CH-C 5 H, , 
N * 



F 

CpHw^OHOV- 0-CH 2 CH-C 6 H 13 



-N 



C H -<bWO>- O— € H CH— C H 



F 

IN 



F 

C 1 i H 23^-^-°- CH 2 ( = H - C 6 H ' 
IN ^ 



F 
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(3 - 65) 




F 



O— CH 2 CH- 



" C 8 H 1 7 



(3 - 66) 



-N 



Ci 2 H 2 5 



O- 



F 
I 

-C Ho CH- 



-C 3 H i 7 




(3 - 69) 



C 1 rfi 2 1 




O— C H 2 C H 2 — O — C H 2 C H— C 6 Hi 3 
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20 



35 



(3-7!) 

F 

C 3 H, 7 -\Q>- id}- O -f C H, ) — O— TC H 2 C H— Cg H, 3 

(3 - 72) 



(3 - 73) 



* (3 - 74) 



(3 - 75) 



(3 - 76) 



c to h 2< ~<5H2>- o-fc^^o-ca, ch-c 6 h 13 

N A * 



F 

q^.-o -©r©~ oco-ch-c 6 h 12 



F 

C 6 H 1 3 -0 C O -<§Ho)- O C O— C H— C 6 H 1 



F 

C 1 0^ ,-° C ° -K2HO^ O C O-C H-C 6 H 3 



F 

C 1 .H 23 0 -{OH^H- O— CH 2 CH— C 6 H 1 3 



(3 - 77) 

F 

C q H 1Q - <p)-{0)- OCO— CH— C 2 H C 
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(3 - 79) 



'3 80) 



(3 - 81.) 



C 1 Q H 2 1 




-N 

(OHO) 



OCO — CH — C 6 H, 3 



-N 



OCO-CH-C H, . 

* 6 13 



-N 



F 



OCO — CH— C 6 H, 3 



(3 - 82) 



-N 



C10H21 homo) 

-N 



F 
I 

OCO — CH— C 8 H n7 



(3-83) 



CHi 



-N 



C 2 Hs-C H -(C H 2 )-^)-@- O — CH, CH — C 6 H, 



(3 - 84) 



/- N 

c 6 H , 3 - O- c \u c IL HOHo 



*N 



O — C i-U CH — C 8 H 1? 



90 



20 



35 



EP 0 500 072 A1 



(3-85) 



C 2 H 5°-^CO-(^OCH 2 CHC 8 H l 7 



O 



( 3-86 ) 



C 14 H 29°^^ < jjoXO^OCH 2 CHC 2 H 5 



(3-87) 



O 



(3-88 ) 

25 F 



CH 3 XOX§> COCH 2 CHC 5 H j 



1 

* 



o 

(3-89) 

N 



C 1 5 H 3 1 -^)><0)-OCH 2 CHC 6 H 1 3 



(3-90) 

F 

C 1 6 H 3 3 XpV(0>- OCH 2CHC 7 H 1 5 



(3-91 ) 

F 

r- N _ J 

C 17 H 35^0V{0>- OCH 2CHC 6 H 1 3 
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( 3-92 ) 



- N 



C 1 8 H 3 7 <Q KQV OCH 2 CHC 6 H x 3 
— N v — ' * 



Representative examples o ! synthesis of the corrpojras a r e shown here.nbeiow 
S/nmests Example 6 

i Synthesis of Example Ccmoouna No 3-24) 

1 00 g 4 16 m M ) cf p-2-fluorooctvoxypnenoi was d'sso ved n a mixture of 10 mf of pyridine and 5 ml 
of tcluore and a solut on of 1 30 g (5 00 nMi of trans-4-n-penty -eye ohexanecarbony 1 chloride in 5 m. cf 
to'uoro was addec ciropwise thereto \r 20 - 40 mir at be<ow 5 -C After the adciticn, the m xtcre was stirred 
overn ght at room temperature r o obtain a white precipitate 

A*'ter the reaction, tne reaction product was extracted with benzene, and tne resultant oenzene layer 
■a- as wasned with distilled water, followed by drying with magnesium sulfate anc dtstilling-off of the benzene 
purification by sii ca gel ce;umn enromatograpny anc recystaihzation from ethanol methanol to obtain 1.20 
g (2.85 mM) of trans-4-n-penty lcyclohe> anecarbovy he acid-p-2-fiuorooctylox> phenyl-ester 
-Yield: 68.6 °o; 
NMR data (ppm> 
0 83 - 2 83 ppm (34H mi 
4 00 - 4 50 opm (2H qi 
7 1 1 ppm (4H. s) 
IR data (cm"' ) 

3456. 2928 2852 1742 1508 1470 1248. 
1200. 1 166. 1 132 854 

Phase transition temperature (°C) 



Cryst . 

-3.S \ 



49.0 



69 . 5 



43.2 68.2 



73 

SmC* — — SmA 

r 7 3 

68 .9 



25.7 



79 . 8 81.9 

^ Ch. — "* Iso, 



78. 7 



81.0 



S - S. chases cf higher order than SmC- 
SmC- chiral smectic C phase and 
Ch chotestenc pnase 

S /ntnesis Examp e 7 



■Synthesis of Example Compound No 3-56 * 

in a /esse 1 sufficiently replaced with nitrogen 0 40 g 3 0 rrmch of '-!-2-fluoroheptanoi anc 1 CO g ( 1 3 
nr. mo l of dry pyndme were placed anc stirrec f or 30 m.in unaer coomc on an ice bath Into the solution, 
j 69 g (3 6 mmol. cf p-*oluenesulfonyi chloride was added anc the mature was stirred for 5 hours. After the 
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react-un 10 m: of 1 N-HCi was added, and the resultant mixture was subiected tc twc times of extraction 
with 10 ml ui methylene chloride. The extract ncuid was washed once with 10 rrv of distilled water and dried 
with an aopropnate amount of annydrous sodium sufate. 'ollowed by ds sti Ihng-off of the solvent tc obtain 
0 59 q (2 0 mmoll jf i + )-2-Huurohepty I p-toluenesulfonate 

Tne yield was 66 °o and the product showed tne foilow : ny optical r ctanon and iR data 

Opt cai rotation: 

[a]^ 6 - 4 +2.59 degrees (c = 1, CHCI3) 
[a] 435 6 + 9 - 58 degrees (c = 1, CHCI3) 

•5 iR icm~' j: 

J900. 2850. 1 600. 1450. 1350, 1170. 1090 980. 81 0. 660. 550 

0 43 g r 5 mmoli of the thus obtained ( + y-2-fiucrohepty I o-tolucncsufonate and 0.28 g {1.0 mmoo of 
5-octy!-2-<4-hyd"Oxypneryl)pyrimidine were mixed with 0 2 ml of 1-butanol, followed by sufficient stirring To 
tne solution was quickly added a previously obtained alkanne solution of 0.048 g (1.2 mmol) of sodium 
:c hyoroxide m 1 C ml of 1 -butane, followed by 5 5 hours of neat-refluxmg. A ,r ter the reaction 10 ml of aistilled 
water was addec. and the mixture was e>tracted respectively once with 10 ml of benzene anc 5 mi of 
benzene followed by drying with ar appropriate amount cf anhydrous sodium sulfate, distilhng-off of the 
solvent and purification by Silica gel column chromatography (eluent: chloroform) to obtain 0.17 g (0.43 
mmol) of objective ( + )-5-octyl-2-[4-(2-fluoroneptyloxy )ohenyljpyrimidine. 

Tne /teic was 43 °o ano the oroduct snowed the following optical mtaticn and (R data. 

Ootical rotation: 

■c 

[a]^ 5 - 6 +0.44 degree (c 
[a] 435 4 + 4 - 19 degrees (c 

?5 

IR icm-'i 

2900, 2850. 1600. '580. 1420. 1250 1160. 800 720 650. 550 

Tne iquid crysta: composition according to the present invention may be obtained oy mixing at leas: 
jo one species of the compound represented by the formula (I), at east one soecies of the comoounc 
represented by the formula dl>. optional y at least one species of the compound ^presented by the formula 
(HI) and another mesomo'pnc compound in appropriate proportions The nquid crystal composition 
according to tne present invention may preferably be formulated as a liquid crystal composition capable o ; 
utilizing ferroelectricity. particularly a liquid crystal composition showing a cniral smectic pnase. 

Specif c examples of another mesomorphic compound as described aoove may include those denotec 
::v 'he following formulas c IV > to (VIII) 

R l ' ~ Z 1 ' HQ} h*T< U^^\0/^bT Z 2 ' " R 2 ' ( IV ) < 

\ / V_ Jsf \ — / 

wnerem R ' and R; ' respectively denote a linear or Drancned aikyi group having 1-18 carbon atoms 
capable of inducing one o> two or more ncn-neighbormg methylene groups wnich an be replaced with 
55 -CHCN- -CfCHoCN-. -CHCI- or -CHBr- and capable of further inducing one or two or more non- 
neighbcnng metnyiene grouos other than tnose directly connected to 2-' or Zi whi:h can be replaced with 
-0- 



= 1, CHCI3) 
= 1, CHCI 3) 
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-C-, -OC- or -CO- , 

II l u 

0 0 o 

a: least one cf F ' and R. ' Lemg cpt ca ly active 2 ' and Z. ' lesoect ve y denote a single bond. -0-. 

-CO-, -OC-, -OCO-; 

!' li | 

o o o 

ai ana 1 1 are respect ve y 0. 1 cr 2 «itn the orcviso that 31 - d1 = 1 or 2 

r H / — \ 

R3 ' ~ Zi ' ^Qf Zi ' "Q/ * 2 ' ~ Zi ' _Z4 ' ~ R4 ' ( v) - 

:*c whereir R- ' ana Rc ' respectively denote a linear :-r branched alkyl group having 1 - 18 carbon atcms 
capable o ; including :ne or two or more non-ne;gncormg meth/lene groups whch an oe replaced with 
-CHCN-. -C(CH 3 )CN-. -CHCl- or -CH3r- and capaDle of further including cne or two or more non- 
neignbonng methylene g r oups other tnan those directl/ connected to Z ; ' or Z< ' wnich can be replaced with 
-O- 

-C- , -OC- or -CO-, 

\ \ \ 

0 0 o 

Z . ' and Z, ' respectively denote a sing e Dcnd. -0-. 

-CO-, -OC-, -OCO- ; 

II I! 8 

O o o 

>'■ ' ana :<:' respectively denote a sirg e bend. 

40 

-CO-, -OC-, 

II II 

O O 

45 -CH-O- or -OCH : - with the prov.se that X ' and X : ' cannot simultanecusly denote a single bond. A- ' 
denctes 



1 — ' 1 — N 
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wherein wherein Y ' denotes hydrogen halogen -CH-. or -CF. 




(VI ) , 



wherein R- ' and FL ' respectively denote a linear ui b-anched alky I group having 1-18 carbon atoms 
*c caoabfe of including one or two or more ncn-netgnoor:ng methylene grjups which an be replaced with 
-CHCN- -C(CH-)CNv -CHCI- or -CHBr- and capaoie of fuithei including one or two or more non- 
neighbonng methylene groups other than those directly connected to Z- ' or Z* ' wmch can oe replaced with 
-0-. 



-C-, -OC- or -CO-; 
II I 11 

o o o 

2c A^ ' denotes 




or a single bond: A." denotes 



Y 1 

A' ^ 

c- a single bone w tr the proviso that A.-' and A- ' cannot simuitaneo jsiy denote a single bond- Z=' and 
respectively denote a smqie bond. -0-, 

-co- , -oc- 



•*b Or 



-OCO- ; 
I! 

o 

X / ard X* ' respect've y cenote a singie bond. 

-CO-, -OC- , 

I! II 

O O 
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-Cm G- -jr -3H - -v;th tne oro.'S: T ~at A; s a sir gre re no wnen A. ' s a smgie core ana x- ' s a single 
oo'\i At*en a s a s ng e oonc a no r. ' t -. ' ana v- ' esoeet:vei> .lonc.e nyorocen naioger -CH. or -CF. 

R 7 1 -Z ? ' _ K 'Q\^ 3 -x 5 • - A 4 ' -X 6 1 -HQ^- 2 8 ' -R 8 ' 

( VII ) , 

.vherem R ' and R- ' respect veu denote a linear or canched aikyi grouc having 1 - 13 carbon atoms 
capable c* including one c :wc ci more nor-neighbormg methylene groues which an be rep aced witn 
-CHCN-. -C.CH : )CN-. -CHCi- cr -CHBr- and capable cf Mjrther inciting :ne cr two c more •w- 
noighbormg methyiere grocos other tnar these directly connected tc Z ' or Z- ' which car be ''eplaced with 

-Ov 



-C-, -OO or -CO-; 



A: ' denotes 




Z ' and ZC respectively a smgie none -0-. 

-CO-, -OC- or -OCO; 

I! II II 

O O O 

X : ' and K ' mspectivety denote a single oonc 

-CO-, -OC- , 

II I 

o o 

-CH O-or -OCH. - ana a3 anc bo are respectively 0 or i with the proviso that a3 and b3 cannot 
s.mcltaneously De 0 




Rg'-Zg'-Ag'-Xy'-Ag'-Zio'-CH-Xfl'-Rjo' (VIII), 

★ 

therein R--' oerotes a hrear or oranched a'K/ 1 grojp having 1 - 18 :aroon atoms: R- ' denotes a inear o" 
branched alkyi grouo na^ng i - 15 carton atoms. A-' denotes 
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/V ' cencues 



cenotes a single bone. 



/ N ' — N ^/ 



-co- , -oc- 



20 CH : 0- or -OCH - X^' denotes a single bond or 

-CH 9 CO- ; 

II 
O 

: 5 

Z<" denotes a sing if. bond -0-. 

-CO-, -OC- or -OCO-; 

II II I 

o o 0 

Z- ' denotes 

-CO-, -CO-CH 7 Ch 9 -, -OCCHo- 

II II II 

00 o 

or -O-CH. CH— C- denotes an optically active asymmetric carbon atom 

In the formula (Is/) - (VIII). preferred compounds thereof may include these represented by the following 
formulas (IVa> to f VI lie ) 



55 



9^ 




( IV a ) 



( IV b ) 



( IV c ) 



( V a) 



( V b ) 
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( V c ) 



Y 




Y 3 



( VI a) 



Y 2 Y 3 



Y 4 




R 



( VI b) 



Y 



-<h)-x 3 '^)-z 6 / -r 6 ' 



( VI c) 



( VI d ) 



99 




( VI c ) 



( VI f ) 



( VI g ) 



( VI h ) 



( VI i) 



-^0}-^dV-Z e ' -R 8 ' (Via) 



100 



EP 0 500 072 A1 



R 



( VB b ) 




(W c) 




( W d ) 



CF 



~(^y~ x t'-<S>-Z I o'-CH-X 8 ' 



R io ( Vffl a ) 




(Vffl b ) 



OV-x 7 Wo 




( vm c ) 
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( vn d ) 



R 



CF 3 



C Vffi e ) 



In formuating the i-auic cystal composition a:c:»rdmg to the oresent nvcnticr it is desirably tra ? me 
mescmorpnic compouncs o» the fcrmu as <h arc .'Ih «n total constitute 1 - 90 wt °„ prcferatny 2 - 80 w\ °z. 
fjftner Dreferabiy 4 - 80 °o of the resultant composition. The conoojnd of the formula <h ana 'he 
compound c' the formula (Ih nay desiraoly oe conta-nec m a weight 'atro c' 1 00: 1 - 1 1 00 preferably 70:1 - 
1 7C further preferably 30 1 - 1 30 

The above proporticna relationships may oe oesirea also when two or sore species of either one or 
rcotr of the compounds of the f ormu.as (I) and (ID are used 

When the romocuncts of t\) (Ih anc fill ■ are usea in comomation for const. tutmg the liquid crystal 
composition according to the present invention these comoounas in total may desirably constitute 1 • 99 
wt c o. 4 - 90 wt °e. -'urther preferably 6 - 80 wt c c . of the resultant liquid crystal composition The 
compounds of the formulas fh arc (lb n total and the compound of the formula (III) may cesiraolv be used 
m a weight ratio of 1 30 - 100:\ preferably 1 20 - 50:1 more preferably V10 - 30 1 

Again the above proportional relationships regarding the compounds (I; (Ih and ilih usee m combination 
may be desired also when two or more species of one *wc or at of f np impounds of toe formulas (f> (II) 
and (llh are used. 

The ferroelectric liquid crystal device accorcing to the present invention may preferahly Pr prepared by 
heating the l-au'd crystal comoosition D'eoarea as Described aoove into an isotropic liquid under vamum 
filling a blank cell composing a pair of oc-DOsitely spaced electrode plates with the composition gradually 
cooung the cell to form a licuic cystal -ayer and restoring the normal pressure 

Figure 1 is a schematic sectional view of an embodiment of the ferroelectric liquid crystal device 
prepared as descnoed above for explanation of the structure thereof 

Referring to Figure 1. the ferroelectric liquid crystal device includes a chirai smec:ic liquid crystal laye- 
1 aisposea between a pair o* g:ass suostrates 2 each having tnereon a transparent electrode 3 and an 
-nsu atmg alignment control -aver 4 Leac wires 6 are connected to the electrodes so as to apoly a driving 
vo'tage to the liquid crystal ayer t : rom a power suoply 7 Outside the suostrates 2. a pair of polarizers 8 
a-e disposed so as to modulate incident light I- from a ignt soume 9 m cooperation with the liquid crystal 1 
to provide modulated light I 

Each of two gass suostrates 2 is coated with a transparent electroce 3 composing a film of ln : 0<, 
SnO; cr ITO iindium-tin-o> ide» tc form, an electrode plate Further thereon, an nsulatng alignment control 
layer 4 is ; orned by rubbing a Mm of a polymer such as poyimide with gauze or acetate fiber-pianted coth 
so as to align the liquid crystal molecules m the rubbing a rectico Further it s also possio^e to compose 
the alignment cont'd layer of two ayers. e g., by firs' forming an insulating layer of an inorganic material, 
such as suicon n-tnde silicon nitride containing nycrogen, silicon carbide silicon carbide containing 
hydrogen silcon oxide, ooror n.tnde. boron mince containing ryd'ogen. cenum cx«ae aluminum ox de 
zirconium oxide, titanium o/ide or magnesium Muoroe and forming therecn an alignment control layer of 
an organic insulating materia 1 such as po yvmyl aicchoi polymiae. polyamide-imide. polyester-mide. 
poiyparaxyiylene. polyester oolycarrconate polyvinyl acetaJ. polyvinyl cnlonde. polyvinyl acetate 
polyam.de polystyrene, cellulose resm melamine resin urea resin acr/lic resin, or photoresist resm 
Aternativeiy ft is aiso possible to use a single layer of norganic insulating alignment control layer or 
organic insulating alignment contm ia yer An inorganic insulating alignment control layer may be formed by 
.aoor deposition. Ahile an crgantc insulating al gnm.ent control layer may be formed b/ app ymg a sdution 
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of an organic insulating material or a precursor thereof in a concentration of 0 1 to 20 wt. 3 c. preferably C 2 - 
10 wt °o. by spinner coatmj. dip coating, screen pnrting, spray coating or roller coating, followed by curing 
or hardening undei prescribed hardening condition (e.g.. uy heating). The insulating alignment control laye' 
may nave a thickness cf ordinarily 30 A - 1 micron, preferably 40 - 3000 A. further preferably 40 - 1000 A 

5 The tw;- glass substrates 2 with transparent electrodes 3 (which may be inclusively referred to herein as 
"eiectrode plates") and further with insulating alignment centrj! layers 4 thereof are held to have a 
prescribed (but arbitrary) gap with a spacer 5. For example, such a cell structure wen a prescribed gap may 
be formed by sandwiching spacers of silica beads or alumina beacs having a prescribed diameter with two 
glass plates, and then sealing the periphery thereof with e.g., an epoxy adhesive Alternatively, a polymer 

?o fnm or glass fiber mav also be used as a spacer Between tne two giass plates a ferroelectric liquid crystal 
is sealed up to provide a ferroelectric ■iquid crystal layer 1 >n a thickness of generally 0 5 to 20 microns, 
preferably 1 to 5 microns 

The ferroelectric liquid crystal provided by the composition of the present invention may desirably' 
assume a SmC- phase (chiral smectic C phase) in a wide temperature range ircluding room temperature 
'5 (particularly, broad m a lower temperature side) and also shows wide drive voltage margin and drive 
temperature margin wher contained in a device 

Particularly m order to snow a good alignment characteristic to form a uniform monodomam. the 
ferroelectric liquid crystal may snow a phase transition series comprising isotropic phase - Ch phase 
(chc-estenc phase) - SmA phase :smectc A phase? - SmC- phase (chiral smecttc C phase) on temperature 
20 decrease 

The transparent electrodes 3 are connected to the external power suoply 7 through the lead wires 6 
Further, outside the glass substrates 2, polarizers 8 are applied. The device shown m Figure 1 is of a 
transmission type and is provided with a light source 9 

Figure 2 is a schematic illustration of a ferroelectric liquid crystal cell (device) for explaining operation 

25 thereof. Reference numerals 21 a and 2* b denote substrates (glass plates) on which a transparent electrode 
of. eg., in : O SnO : . ITQ linrii jn-tin-o:iae) etc is disposed, respectively A liauid crystal o* an SmC- 
phase (rhiral smectic C phase) or SmH. -phase (chirai smectic H phase) in which liquid crysta molecular 
iayers 22 are aligned perpendicular to surfaces of the giass plates is hermetically disposed therebetween 
Full unes 23 show liquid crysta' molecules. Eacn liquid crystal molecule 23 has a dipoie moment (P_^; 24 in 

)0 a direction perpendicular to the axis thereof. The liquid crystal molecules 23 continuously form a helical 
structure m the direction of extension of the substrates When a vcltage higher than a certain threshold level 
is applied oetween electrodes formed on the substrates 21a and 21 b, a helical structure of the liquid crystal 
moiecule 23 is unwound or released to change the alignment direction of respective liquid crystal molecules 
23 so that the dipoie moments (P_) 24 are all directed in the direction of the eiectnc field. The liquid crystal 

35 molecules 23 have an eiongatec shape and show refractive antsotropy between the long a<is and the short 
axis thereof. Accordingly, it is easry understood that when, 'or instance, polarizers arranged m a cross nicol 
relationship, i.e.. with their polarizing d rections crossing each other, are disposec on the upper and the 
lower surfaces cf the glass plates the liquid crystal ceil thus arranged functions as a liquid crystal optical 
modulation device of which optical characteristics vary deperdmg upon the polarity of an applied voltage. 

jo Further, when the iiquio crystal eel <s made sufficiently thir (e.g.. less than about 10 microns), the 

helical structure of the liquid crystal molecules is unwound to provide a non-helical structure even in the 
absence o ; an electric field, whereby the dipoie moment assumes either of the two states, i.e , Pa in an 
upper direction 34a or Pb in a lower direction 34b as shown m Figure 3, thus providing a bistable condition 
When an eiectnc ficd Ea or Eb higner than a certain threshold level and different from each other in polarity 

j 5 as ihown m Figure 3 is applied to a cell having the abc^e-mentioned characteristics by using voltage 
application mears 31 a and 31b, tne dipoie moment is directed ether in the upper drection 34a or in the 
■ower drection 34b copending on the vector cf tne eiectnc f'eid Ea cr Eb. In correspondence with this, 'he 
licuid cr/stal moecules are onerted in either of a first stabie state 33a and a second staole state 33b. 

When the aocve-mentioned ferroelectric iquid crystal is used as an opt cal modulation element, it is 

:C possiole to obtain two advantages First is tnat the response speed is quite fast. Second is that the 
orientation of the liquid crystal shows bistability. The second advantage wiH be further explained, e.g . with 
reference tc Figure 3 When the eiectnc fieid Ea is applied to the liquid crysta. molecules, they are oriented 
m the frst stable state 33a. This state is stably retained even ;f the eiectnc fieic is removed. On the other 
nand when the eiectnc field Eo of which direction is opposite to tnat of the electric fie ; d Ea is applied 

55 thereto, the -lauid crystal motecuies are oriented to the secona stabie state 33b, whereby the directions of 
molecules are changed This state is similarly stabiy retained even if the eiectnc field is removed. Further, 
as long as the magnitude of the eiectnc fie d Ea or Eo being applied is not above a certain threshold ^aiue. 
the hauid crystal moecues are placed in the respective orientation states 
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Based on an arrangement descnoed oeio-v and data 'ormat comprising .mage data accompanied with 
scannry me address aata and by adootrnq communication syncnr onuaticn us.ng a SYNC stgnai as shown 
m Figures S end 10 there is orovided a I Quid crysta- display apparatus of tre present invention whion uses 
:he isquic urystai device accoidirg to t.ne present invention as a cisplay pane portion 

Refe rmg to Figure 9 the ferroelectric liquid crystal display apparatus 101 includes a grapnic controller 
102 a display panel 103 a scanning nne cnve circuit 104. a data line drive circuit 105. a decoder 106. a 
scam ng signal generator 10 T . a shift resistor 108. a line memory '09 a aata signa: generator 1 10. a drive 
;.onhol c rcuit 111. a graphic central processing unit (GCPU) 112. a nost cerfa! process. ng unit -host CPU) 
113. and an image data storage memory (VRAM) 114 

Image data are generatea n the grannie ccnt'olle: '02 m an apparatus body and transferred to a 
d;soia/ panel 1 03 by signal transfer means srown m Figures 9 and 10 The graphic controller 102 
principally ccmpr.ses a CPU (central processing unit herein refened to as "GCPU") i:2 anc a VRAM 
vtceo-RAM image data storage memory) 114 and is in charge of management and communication of 
image data between a host CPU 1 13 and the liquid crystal display apparatus iFLCD) 101. The control of the 
display apparatus is principal real. zed in the graphic controller 102 A iignt source is disposed at the oack 
of the display oanel 103 

Herembeiow. the present invention w II be oxpiamec more specifically with reference to examples It s 
however to be understood that the present invention s not restricted to these examples. 



Example 1 



A liquid crystal composition A was prepared by mixing the following compounds in respectively 
indicated proportions. 



Structural formula 



wt . parts 




10 




8 




10 



104 



# 
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35 



c i o H 2 i^^OVcookQVocqH! 7 

CH 3 

C 1 0 H 2 1 "< O KO/ Vo "t CH 2 CHOC 3 H 7 



CHt 

— " /— | 

C 1 2 H 2 5 °- 0>COS-K QV CH 2 CHC 2 H 5 



CH 3 



c 8 H 17°KO " COS ^0 V ° CH 2 CHC 2 H 5 



CH 3 



C 10 H 21°^5VCOS<0>°CH 2 CHC 2 H 



2 n 5 
* 



CH 3 



C 3 H 7 OCH -tCH 2 t 3 O^^COO-<gXg^COOC 6 H 1 3 1 5 



CH 3 



C 4 H 9 0CH 2 CH0^n>C00YQVOVc00CflH 3 7 15 



CH 3 



: 2 H 5 OCHiCH 2 -KO-<g^COOKgKQ>C 12 H 25 8 



CH 3 



c 12 h 25 oaQ^coo^Q^cooch 2 choc 5 h 1 j 



9 F 3 



C 12 H 25 O^QVcOOKr)VcOOCHCH 2 COOC 2 H 5 
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A iMjjnj -.rysta' cemuc sitior i-A was preparea c, raxing the following Example Compounds war the 
db<jvt: pr t -pered orvu<JS»ticn ir: ;ne 'espert!vO : > indicated prcpDrtions 

E x .Co mp_. No . Structural formula wt . parts 



1-38 C l 2 H 9 5 -C^ VcCM'O H^) )-OC i 0 H 7 , 5 



1-58 C 4 H g ^ VcO^(JX^f)JVc 10 H 21 10 

O 



2-12 C 6 H 13 nQ^ ^Qh C 9 H 19 

v s 



2-55 C 6 H 13 .f)H' "\,0>OCC 8 H 17 

— / * C / \ ' I 



2-166 C 8 H ir '(^H'"\f)yo-C 10 H 21 



Composition A 66 

The above-preca^ed iquid crystal composition --A was used to prepare a bqjid crystal aevice in 
combination witn a blank cell preoared in tne following manner 

Twc 0 7 mn-thiCK glass plates were provided and respectively coated with an ITO film tc form an 
eiectrcde for votage application which was furtner coated with an insulating ,ayer of vapor-deposited SiO : 
On the insulating layer, a 02 °c-sciution o f si-ane coupling agent (KBM-602. avanab.e from Shinetsu Kagaku 
K K ) m -sopropyl alcohol was apphec cy spir-ne- coating at a speed of 2000 rpm for 15 second and 
subjected to rot curing treatment at 12C C for 20 mm 

Further, each giass piate prcviced with an ITO Mm ana treated n the above described manner was 
coated wth a 10 °o-solutior of polyimide -esm precursor 'SP-510. available from Toray KK.i in 
dimethylacetcanide ty a scmner coater rotating at 3000 rpm for 15 seconds Thereafter, the coating ; ilm 
was subjected to neat curing at 300 «or 60 mm tc ootam about 120 A-thick film The coating film was 
ruocec wth acetate fiber-planted cloth The thus treated two giass olates were washeo with isopropyi 
accnoi After si ica beads witn an average particle size of 1 5 morons were ciisoersed on one of the glass 
plates the two glass plates were apphec tc each other with a bonding seating agent (Livon Bond, available 
from Cmsso K K i so mat tneir -obced oirect.ons were parallel to each otner ana neated at 100 ~C for 60 
mm to fcrm a o.anK :ol- T-e ce-i gac Aas ; ound to be about i 5 microns as measured by a Berek 
: cmpensator 

Then the abcve-p'eparea ircuio or /stai comoosition 1-A was heated into an isotropic liquid, and 
irjecteo mtc me above ore^arec cell unoe f vacuum ana after seanng. was gradual y cooled at a rate of 20 
J C hour to 25 "C to preoare a *erroeectn; ^auia crys-ai device 
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The fe-roelectne huuid crystal device was suojected to measurement o ; a driving voitage margin AV < = 
V-i-V-) by using the driving waveforms :bias 'atio = I 3) described with reference to Figures 4 and 5 and 
setting At so as :o provide V of aouut 15 volts. T he results are shewn below. 





10 -c 


25 °C 


40 ~ J C 


Voltage margin AV iset At; 


13.5 V (720 usee) 


14 3 V (230 usee; 


12.1 V (91 usee) 



Further, when the temperature was changed whi.e the voltage (V S *V,) was set at a centra! vaiue witmn 
the voltage margin at 25 °C (i e.. a central value of a voltage range capable of driving), the temperature 
difference capab ; e of cnving (hereinafter called "(driving) temperature margin") was :4 1 °C 

Further, a contrast of 11 .0 was attained at 25 C C dunng the driving. 

Comparative Example 1 



A liquid crystal composition 1-AI was prepared cy omitting Example compounds Ncs 2-12. 2-55 and 2- 
166 from the hauid crystal composition 1-A, i.e.. by adding only Exampie comoound No. 1-38 and 1-58 to 
the liquid crysta: composition and a liquid crystal composition 1-AI! v>as prepared by omitting Examp;e 
compounds Nos. 1*38 anc 1-58 from the composition 1-A i.e., Dy adding only Example compounds Nos 2- 
12. 2-55 and 2-166 to the composition. 

Ferroelectric liquid crystal devices A. 1-AI and 1 -All were preoared by using the compositions A. 1-AI 
and 1-AII. resoectiveiy. instead of the composition 1-A, and subjected ro measurement cf driving voltage 
margin AV. otherwise ^ the same manner as in Example 1 The results are shewr oelow 



Voitage margin AV (set At) 




10 -c 


25 U C 


40 rj C 


A 

1-AI 
i-AII 


8 3V (830 usees 
10 2 V (730 usee) 

9 4V (750 usee) 


8 9 V (235 usee) 
11 .8 V (240 asec) 
9.7 V (225 usee) 


7 5 V (87 usee) 

9.7 V (95 usee.) 

8.8 V (84 usee) 



Further, the driving temperature margin with respect to 25 °C was -18 °C for A ;3 5 °C for 1-AI and 
-2 9 ' J C r'or 1-AII. 

i=, 

As apparent 'rem the above Example 1 and Comparative Example 1. the ferroeeconc hcu'G crystal 
device containing the liquid erystal composition 1-A according to the present invention provided Aider 
dr.vmg voltage anc temperature margins ana showed a better performance of retaining good images in 
resistance to changes in environmental temperature and cell gap 

" J Examoie 2 



F fteen-types of fer-oeiectnc ncuic crystal devices were prepared in -he same manner as in Example 1 
Dy ocually using the composition 1 -A prepared in Exampie 1 except that 15 types of alignment films weiy 
^ proparec by 'ubor.g three types of polymtde films having different thicknesses (i.e.. 60 A. 120 A and 180 
A, with acetate fiber-planted clcth at 5 cegrees of different rubbing strengtns (alignment-regulating forces) 
oy changing t,ne mcvmg speed o* the acetate fiber-planted aoth unoer a constant pressing width cf the 
cloth. 

The ferroelectric liquid crystal devices prepared aoove were sutjectec tc microscope observation of 
angnmert states in the devices The resu ts of the observation are shown beiow 
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r 

Thickness of 
coating film 


Rubbing st rength* 1 


1 2 3 4 5 ' 

... 1 


60 A 
120 A 
180 A 


- — j 

O o O o 9 ! 

o o ©*2 ® <a> 
o O <fc e e 



*1: A larger degree of rubbing strength is given 
by a smaller moving speed of the rubbing cloth (i.e., a 
longer rubbing time). The respective degrees of 
rubbing strength corresponded to the following moving 
speeds of the rubbing cloth: 

1: 70 mm/sec, 2: 60 ram/sec, 3: 50 mm/sec, 
4: 40 mm/sec, 5: 30 mm/sec/ 
*2: The device used in Example 1. 

The standards of evaluation of the alignment 
states were as follows: 

o: No alignment defects were observed, and a 
monodoraain with a good and uniform alignment 
characteristic was observed. 

o: Alignment defects in the form of streaks were 
slightly observed in a part of an area around silica 
beads . 



Comp-arat ve Example 2 

Ferroelectric ,iqu«<5 crysta: devices A. 1-AI and 1-AII /vere prepared by using tne compositions A. 1 -Al 
and 1-AII orepareo \r Comca-ati^e Examp : e 1. respectively instead of the comcosttion 1-A prepared m 
E ' amc ' e 2 ctherwse -n the same manner as ,r Example 2 Tne devices we-e sucjecteo tc observation of 
alignment states \r tn e device Tne results are shcap beiow 



108 



# 



EP 0 500 072 A1 



<Device A> 



i ill » — IV 1 ICO «-> v_/ x 

coating film 


Rubbing 








1 


2 


3 


4 


5 


60 A 


* 


* 


X 


X 


X 


120 A 


x 


X 


x*i 


X 


A 


180 A 


X 


X 


X 




A 



<Device 1-AI> 



Thickness of 
coating film 




Rubbing 


strength 








1 


2 


3 


4 


5 


60 A 


X 


X 


X 


X 


A 


120 A 


X 


X 


A * 1 


A 


A 


180 A 


X 


A 


A 


A 


o 
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! 

Thickness of 
coating film 


Rubbing 


st rengt h 






1 


2 


3 


4 


5 


60 A 




X 


X 


X 


X 


; 120 k 


K 




4*1 


A 




1 180 A 

i 
1 

t 


A 


A 


A 




o 



*1: The device used in Comparative Example 1. 

o: Alignment defects in the form of streaks were 
slightly observed in a part of an area around silica 
beads . 

A: Alignment states looked like a uniform 
raonodoraain , but alignment defects in the form of 
streaks were observed over an entire area around 
silica beads and zig-zag defects were observed in a 
part of a display area. 

X: Zig-zag defects were considerably observed. 

Zig-zag defects were observed over a 
substantially entire display area and ununiform 
alignment states result . 

As apparent from the above Example 2 and Comparat ; ve Example 2 the ferroelectric iiquia crystai 
device ccrtammg the iiqjid crystal composition 1-A acccrcmg to the present invention prcviced a 
Toncdcma r with a good and uniform alignment cha r actenstic when used in the device 

Further, as is understood from tne above-mentioned Example 1 and Comparative Example 1 and from 
the aoove Example 2 and Comparative E<amp ( 5 2, some obstacles to commercialization of a practical 
ferroelectric liquid crystal device have Deen remcvea by jsmg the hqjid crystal composition 1-A according 
to the present invention 

E-amp'e 3 



A 'Quid crysta- ccmoos tion 3-A was prepa'ec by mixing the following example compcunas m tne 
n .C!cateo proportions with 'he ;iquid crystal comoosit on A prepared in Example 1 
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Ex . Comp . 



'3 




1-38 

1- 58 

20 2-12 

2- 55 
2-166 

Composition A 

A ferroelectric liquid crysta device was prepared in the same manner as in Example 1 except that the 
yj above liquid crystal composition 3-A was used, and the device was subjected to measurement of driving 
voltage ma^gtn AV The results ot me measurement are srown helow 





10 C C 


25 °C 


40 


Vcltaqe margin AV ( set An 


13." V (610 usee) 


14.1 V (206 usee.) 


118V (80 usee) 



Furtner. the driving temperature margin witn resDect to 25 °C was -4.0 D C. A contrast of 10.8 was 
atlamed duung the anvy at the temperature 

Comparative Example 3 



A ! icutc crystal composition 3-AI was prepared oy omitting Example oompounds Nos 2-12, 2-55 and 2- 
166 '-am the liquid crystal comoosition 3-A. re . by adding only Example compounds Nos. 1-38, 1-58 3-27 
and 3-63 tc tre ; iquid crystal composition A, anc a liquid crystal composition 3-AII was prepared by omitting 
Example compouncs Ncs 1-38 and 1-58 from the composition 3-A. .e by adding only Example 
compounds Nos. 2-' 2. 2-55. 2-166. 3-27 ana 3-63 to the composition A. 

Ferroelectric liquid crystal devices A, 3-AI and 3-AII were prepared by using the compositions A. 3-AI 
and 3-AI! respectively nstcad of the composition 3-A and subjected to measurement of driving voitage 
margin AV otherwise m the same manne- as m Examole 3 The results are shewn below. 



Ventage margin AV (set At) 




10 ,J C 


25 =C 


40 °C 


A 

3-AI 
3-AII 


8 6V (830 usee) 
10 1 V (710 usec> 

9 6V (685 usee) 


8 9V ,235 usee) 
10 9 V (218 usee) 
10 1 V (210 usee : 


7.5 V (87 usee; 
10 3 V (87 usee: 
8 6 V (82 usee) 



5 
10 
7 
8 
4 
54 
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further. :fit- Jnvirg Icmj. eraL. re margin with roscect tC 25 C C was :1b C tcr A :3 3 C *C 3-AI and 
'2 8 "C fur 3-Ali 

As apparer t lom th t - auove Example 3 ana Comparative Example 3 the ferroelectric 'iquid crystal 
■dev. ee containing the uuuic .rysta 1 ■.'.mrjosiiien 3-E according to the present invention pnviced wider 
dnvng vottage ana temperatuie mary ns and showed a Letter performance cf reta ntrg good images n 
■osistarce to changes m envuonmental temperature and _ ^ 1 1 gap 

E<amcle 4 

Fe-roeiecfic hauid crystal devices /veie prepared m me same manner as m Example 2 except for using 
the composition 3-A prepared n Example 3. 

The forrcefectrtc hauio crystal devces prepared above were subjected to microscopic observation L r 
alignment states m the dov-ces The results or the observation are shewn below 



Thickness of 
coating film 



Rubbing strength 







r 
i 

1 

i 


2 


3 


4 


~H 

i 

5 i 


] 60 


0 

A 


o 


o 


o 


m 




120 


A 


o 


o 


e* 1 






! 180 


A 


o 


9 






* i 



*1: The device used in Example 3. 

®: No alignment defects were observed, and a 
monodomain with a good and uniform alignment 
characteristic was observed. 

o: Alignment defects in the form of streaks were 
slightly observed in a part of an area around silica 
beads . 



Comparative Example 4 



Ferroelectric ncuic crysta devices A 3-AI and 3-AI I *ere oreparea by us.ng the compositions A. 3-AI 
anG 3- All orepareo in Comoarative Example 3 respectively. :nstead cf the comoosition 3-A preparec <n 
Eomple 4 otherwise n :he same manner as in E^amole 2 Tne devices were subjectec to observation of 
a' gnment states n the dev ce Tne r esu ts are shown eelew 
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<Device A> 





coating film 


Rubbing 


o L t fciiiy L II 










1 


2 


3 


4 


5 




60 A 


* 


*f 






X 




120 A 


* 


X 


x*i 


X 


X 




180 A 




X 


X 


A 


A 



<Device 3-AI> 



Thickness of 
coating f i lm 


Rubbing 


strength 






1 


2 


3 


4 


5 


60 A 


X 


X 


X 


A 


A 


120 A 


X 


X 


A *1 


A 


A 


180 A 


X 


A 


A 


A 


o 



<Device 3-AII> 



Thickness of 
coating film 




Rubbing 


strength 








1 


2 


3 


4 


5 


60 A 




X 


X 


X 


X 


120 A 


X 


X 


A*i 


A 


A 


180 A 


X 


X 


A 


A 


A 



*1: The device used in Comparative Example 3. 

Ir the above o A - and # are the same as defined n the abcve-mentioned Comoarative E<anpie 2 
As apparent from the accve Exarrple 4 a r d Comparative Example 4 the ferroelectric liquid crysta 
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cevi:^ .jntamr.y th- .ulio cr/stai compositor 3-A according to the oresent .overt on provded a 
mc rc domain acM a guuO ana uin'orm alignment cr.aractenst'C wnen jseo in tne aevice 

rjrtnef. apparent fiorn tht above-mentioned Examoie 3 and Comparauve Exampie 3 and from the 
aoove Example 4 ana Comparative E.<ampie 4 obstacles to commercialization of a practical ferroelectric 
i-ouid crystal aevice ^ave oeen e.imirated by using tj 1t . hg u o crystal composition 3-A accoramg to the 
p^esen* n^erticn 



E-ampe 5 



A liquid crystal composition B /vas prepared by mixing the fo-iowmg compounds m the respectively 
• raicated proportions 



Structural formula 



wt . parts 




5 




3 
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CH 3 



C 10 H 2l°^O^OVof CH 2 ^- CHC 2 H 5 



CH 3 



/— N , , | 

C l 1 H 23°aOKO^° CH 2 CHC 2 H 5 
\_ N \ — / A 



9 H 3 



C 10 H 21"<&><5y oc OCH 2 CHC 4 H g 3 
' — N v — ' * 

C 10 H 21°^C>COO-<OyoC 8 H 17 8 

C 8 H 17-<^COO^gyoC 10 H 21 8 

C 10 H 21°K§>-COO-<g)-OC 6 H 1 3 11 



CH 3 



C 1 2 H 25°^Q)- coo -<^)-COO -f CH 2 ^j- 



CH 3 



C 8 H 17°-<§^COOH(QXQyoCH 2 CHC 2 H 5 8 

CH 3 

C 8 H 17^KQV C00 ^§)-OCH 2 CHC 2 H 5 3 



CH 3 



C 10 H 21^H^ o C H 2--(§)- OCH 2CHC 2 H ! 
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c b H i i <0- co °-D^^;-cio H 2i 



N — 



9 H 3 



c 4 H g och 2 CHO-'Q^COO- ]'j>\O^ C0OC a H i 7 



CH 3 



C 2 H 5 OCH-eCH 2 -^ 2 -0^>-COO^;g>^Q)-COOC 8 H 17 6 



CHt 
i J 



A liquid crystal composition 5-6 was prepared Cy mixing the following Example Compounas with th-s 
above orepa-ed compos. tion B in the respective \ ndicatec: proportions 

Ex .Camp. No . Structural formula wt . parts 

CH 3 

1-11 C 11 H 23 ^ r \-CO-<O^CO -tCH 2 -^CH-C 2 H 5 2 

o o 



1-37 C 12 H 25 ^r).CO^gH@-C 10 H 21 



o 



1-65 Ci " /y xx ~~ 



6 H 13< >CO^O^D> C 10H21 



S 

6 



116 




A ferroelectric hqu c crysta: dev-oe 5-B was ^reoared in the same manner as ;n Example 1 except that 
the liquid crystal composition 5-B W3S used instead o ; the composit.on 1-B The device was subjected to 
measurement of driving voltage margin The resu ts of the measurement are shown below 





10 J C 


25 °C 


40 °C 


Vo'tage margin AV iset At; 


1i5V *44j usee) 


12 0 V f 1 53 asec) 


10 1V (53 usee) 



Furtner. the driving temperature margin win respect to 25 °C was ±3.9 °C A contrast of 10.9 was 
attainea during the drive at tne temperature 

Comparative Example 5 



A liquid crystal composition 5-Bi was prepared cy omitting Example compounos Nus. 2-2, 2-54, 2-134 
and 2-140 from the liquid crystal composition 5-B preparec m Exanole 5. ie. by adding on:y Example 
compounds Nos 1-11 1-37. 1-65 anc 1-66 r the liquid crystal composition B, and a fiouic crystal 
composition 5-BI' was prepared by [-mifing Examo'e compounds Nos ' -11. 1 -3" --05 and 1-66 from the 
composition 5-B i.e. oy adding cniy Examp e compounds Nos 2-28. 2-54. 2-134 and 2-140 to the 
comcosition B 

Ferroeleetnc liquid crystal dev ces E. 5-BI ard 5-BII were prepared by us ng the compositions O 5-BI 
and 5-BM. respective'y . msteac of the CDmoositon 5-B, and subjected to measurement of driving voltage 
margin AV otherwise in the same manner as in Example 5 Tne results are shown oeiow 
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Voitage margin AV -set A!i 


; 10 C 


25 C 


40 ' C 


B 

5-BI 
5-Bll 


3.0 V <525 useci 
10.5 V <4-5 aseo 

9.3 V (470 la SGC i 


8 1 V .163 used 
10 3 V ,163 usee:. 

9 1 V (155 -isec) 


6 8V (56 usee) 
3 1 V - 57 useo 
~ 9 V -54 usee) 



Firmer, the driving temperature margin with -esoect tc 25 C was :r C for e :3 3 C for 5-BI ana 
-2.6 C tor 5-Bll 

As apparert f^cm the above Eonoie 5 anc Comparative Examp.e 5. the fei'ottltctriL dud crystal 
cevice containing the '.Quid crysta composition 5-B accord ng to the present invention prcviaec wider 
cnv.ng voltage and temperature margns arc snowed a better performance of staining good mages m 
'OSistancc to charges m environmental temoerature anc set gap 

Example 6 

Ferroe.ectnc liauid -r/stai deuces /vere preoared m the same manner as in Example 5 except 'or using 
the imposition 5-B prepared n Example 5 

Tne ferroeiectnc liquid cystai devices prepared above were subjectcc to microscopic observation of 
alignment states in the devices Tne results of tne observation are shown beiow 



30 



j Thickness of 
1 coating film 


r 


Rubbing 


strength 






1 


2 


3 


4 


5 


60 A 


O 


o 


o 


c 


© 


120 A 


o 


o 


e* 1 






180 A 


o 


<a 


9 


* 


® 



*1: The device used in Example 5. 

®: No alignment defects were observed, and a 
monodomain with a good and uniform alignment 
characteristic was observed. 

o: Alignment defects in the form of streaks were 
slightly observed in a part of an area around silica 
beads . 

Comparative Example 6 
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Fenoeiectnc iiauid crystal devices B. 5-BI and 5-BII were preoarea by using the compositions E. 5-BI 
and 5-BII ureuared m Comparative Example 5. respectively, instead of the composition 5-B prepared in 
Example 6. otherwise m the same manner as m Example 6 The devices were subjected to observation of 
alignment states in the oevice The results are shown below 

<Device B> 



Thickness of 
coating film 


Rubbing 


strength 






1 


2 


3 


4 


5 


60 A 


* 




* 


X 


X 


120 A 








X 


X 


180 A 


X 


X 


X 


X 


A 
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< Device 5-BI> 



I — 

Thickness of 
coating film 


Rubbing 


strength 








1 


2 


3 


4 


5 


60 A 


X 


X 


X 


X 


A 


120 A 


X 


X 


X*l 


A 


A 


180 A 


X 


X 


A 


A 


A 


ice 5-BII> 


Thickness of 
coating film 


Rubbing 


strength 








1 


2 


3 


4 


5 


60 A 


X 


X 


X 


X 


A 


120 A 


X 


X 


A*l 


A 


A 


180 A 


X 


A 


A 


A 


o 



*1: The device used in Comparative Example 5. 
o: Alignment defects in the form of streaks were 
■*c slightly observed in a part of an area around silica 

beads . 

A: Alignment states looked a uniform monodoraain, 
but alignment defects in the form of streaks were 
observed over an entire area around silica beads and 
zig-zag defects were observed in a part of a display 

area . 
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X : 



Zig 



zag defects were considerably observed. 



Zxg 



zag defects were observed over a 



substantially entire display area and ununiform 



alignment states result. 



As apcarer: from tne abcve Example 6 ano Comparative Example 6. the ferroelectric liquid crystal 
oevicc ccnta;nmg tne hauid crystal composition 5-B according to the present invention provided a 
monoaomam with a good ana uniform alignment characteristic when used in the device. 

-urther apparent f r om tne above-mentioned Example 5 and Comparative Example 5 and from the 
aoove Examole 6 and Ccmoarativc Example 6. some oostacles to commercialization of a practical 
ferrceiectr c i quid crysta. device have been amoved oy using tne hquia crystal composition 5-B according 
to the present mvertion 



Example - 



A hauid crystal composition 7-B was prepared by mivng the fol owing example compounds ;n tne 
indicated proportions with the liquid crystal composition 5-B oreparec m Example 5 



Ex . Comp . 
No . 



Structural formula 



wt . parts 



F 



30 



3-61 




5 



i Pi 
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F 



3-62 


C ll H 23- < )/^ ( ) -OCH-.CH-C.H, q 
— N ■ — ★ 


4 




F 

/-N ~. | 

C 10 H 2 1^ ( )K' ) w Of CH 2 i- T -OCH :) CH-C f -H 1 7 
— N ^-—^ * 




3-70 


2 


1-11 




2 


1-37 




4 


1-65 




4 


1-66 




6 


2-2 




4 


2-54 




6 


2-134 




3 


2-140 




2 




Composition B 


58 



A ferroelectric iquid crystal aevice was prepared in the same manne' as in Example 1 except that the 
above liquid costal composition 7-B was usea. and :he device was subjected to measurement of dnving 
voltage margin. Tne resets of the measurement are shown telcw 





10 X 


25 °C 


40 C C 


Voltage margin AV <set At) 


1 1 3 V (353 useo 


12 1 V (1 13 j.seo 


9 8 V .44 usee) 



Fur-he-, the dnving temperature margin with lesoect to 25 °C was ±3.8 C A cortrast of 11.1 was 
attamec curing tne crive at the temoerature 

Comparative Example 7 



A iquid crystal :ompos tio-n 7-ei was oreoared by omitting Example CDmpouncs Nos 2-2. 2-54. 2-34 
ana 2-140 from the hcjuid crystal compcsiton 7-E prepared in Example 7 e. Oy adding only Exampie 
compounds Nos 1-11. 1-37 1-65. 1-66. 3-6 1 3-62 and 3-70 to the hauic crystal composition B, and a liquid 
crystal :ompositton 7-BII was prepared bv :-m ittm 3 Examp.e compounds Ncs 1-11 1-37 1-65 and 1-06 
' rcm tn< 5 comoosition 7-B. i c bv adding cn! v Example compounds Nos 2-2 2-54. 2-134, 2-140. 3-61. 3-62 
ard 3-7D to the composition B 

Ferroeectnc iqutc Crys'a! devices 3 7-Bl and 7-BII we-e oropared by using the compositions B. 7-BI 
anc -Ell. respectively msteac of the composition T*-3. and subjected to measurement of driving voitage 
margin AV ctherwtse in tne same manner as n Example 7 ""he results arc snown oeicw 



EP 0 500 072 A1 



Voltage margin AV (set At) 




1C "C 


25 J C 


40 -C 


B 

7-5I 
7-BII 


8.0 V (525 useo 
9 8 V (415 usee) 
9.2 V (413 usee) 


8 1 V 1 163 usee i 
10 1V i 148 useo 
9.0 V (145 l. sec i 


6.8 V (56 useo 

7.9 V (50 usee) 
7.5 V (48 useo 



Furtner the dnv<ng temperature margin with respect to 25 °C was =1.7 ~Z for B. =3.1 °C for 7-BI and 
= 2 6 °C for 7-BII. 

As apparent from the above Example 7 ana Comparative Example 7, the ferroelectric liquid crystal 
device containing the nauid crystal composition 7-B according to the present invention provided wider 
driving voltage and temperature margins and showec a bette r performance of retaining good images in 
resistance to changes m environmental temperature and cell gap 

Example 8 

Ferroelectric liquid crystal devices were orepared in the same manner as in Example 2 except for uS'ng 
tne composition 7-B prepared in Example 7 

The ferroelectric liquid crystal aevces prepared above were subjected to observation c< alignment 
£*ates m the cevices The results of the observation are shown oeiow. 



Thickness of 
coating film 

i 




Rubbing 


strength 






1 


2 


3 


4 


5 


h- 1 

60 A 


o 


o 


o 


o 


o 


120 A 


o 


o 


«* 1 


& 


© 


180 A 


o 


o 


© 


© 


© 



*1: The device used in Example 7. 

<s : No alignment defects were observed, and a 
monodomam with a good and uniform alignment 
characteristic was observed. 

o: Alignment defects in the form of streaks were 
slightly observed in a part of an area around silica 
beads . 

Comoarative Example 8 

F-errce'ectrc hcud crystal devices B. '-BI and 7-BII were prepared by using the compositons B. 7-BI 
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arc 7-BII prepared ,m Comparative Exampe respectively instead of tne composition 7-B prepared m 
Example 8 otheiwise ir th* sane 'Marne' as m E<ampie 8 Trie devices Aere subjected :o observation of 
alignment slates .n the devce Th fc icsu'ts a:e sncwr ut'Ow 

<Device B> 



I Thickness of 
i coating film 



Rubbing strength 





l 


2 


3 


4 


1 

5 ! 


60 


k 






* 


X 


X I 


120 


A 




X 


X*l 


X 


* \ 


180 


A 


X 


X 


X 


X 


A ! 

[ 

i 



1?4 
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<Device 7-BI> 



Thickness of 
coating film 


Rubbing 


strength 








1 


2 


3 


4 


5 


60 A 




X 


X 


X 


X 


120 A 


X 


X 


x*i 


A 


A 


180 A 


X 


X 




A 


A 


ice 7-BII> 


Thickness of 
coating film 


Rubbing 


strength 








1 


2 


3 


4 


5 


60 A 


X 


X 


X 


X 


A 


120 A 


X 


X 


A *l 


A 


A 


180 A 


X 


A 


A 


A 


o 



35 

*1: The device used in Comparative Example 7. 
o: Alignment defects in the form of streaks were 
a ° slightly observed in a part of an area around silica 

beads . 

A: Alignment states looked like a uniform 
monodomain, but alignment defects in the form of 
streaks were observed over an entire area around 
silica beads and zig-zag defects were observed in a 
part of a display area. 
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X: Zig-zag defects were considerably observed. 

* : Zig-zag defects were observed over a 

substantially entire display area and ununiform 
alignment states result. 

As apparent horn the aocve Example 8 and Comparative Example 8. the ferro-electr-c iquid crystal 
oevce containing the 'iquic crys:a. composition 7-B aecoiding to the present invention p-ovided a 
nonoaomair with a gooc ana uniform alignment characteristic when used ir tne device. 

Further, apparent from the above-mentioned Example 7 arc Comparative E<amD>e 7 and from the 
above Examp-e 8 and Comparative Example 8. some oostacies to commercialization of a practical 
ferroelectric 'iquic crysta- device nave oeen -emoved by using the hqutc crystal compos tion 7-B according 
to the Drcscnt <nventson. 

Example 9 

A b.'ant- cell was prepared in the same manner as m Example 1 by using a 2 °c aqueous solution of 
polyvinyl alconoi resin (PVA-117. available f-om Kuraray h.Kj instead of the 1.5 °c-soiution of poiyimido 
resm precursor m dimethylacetoamiae cn each electrode plate A ferroelectric liquid crystal device was 
prepared by filing the D'ank cell with the liquid crystal composition 1-A prepared in Example 1. The liquid 
crystal dev<ce was subjected to measurement of driving voltage and temperature margins in the same 
25 marner as m Example 1 The results are shown oeiow. 



Voltage margin iset At) 


Temp. margin (at 25 °C) 


10°C 


25°C 


40° C 


13.2 V (720 useci 


14 1V '235 usee) 


1 1 .9 V (92 usee) 


i4.0 °C 



Examole 10 



A blank cell was prepared in the same manner as in Example 1 except for omitting the S1O2 layer to 
form an alignment control layer composed of the polyimide resm layer alone on each electrode plate A 
ferroelectric nquid crysta devices were prepared by filling such a blank cell with liquid crystal composition 
1-A prepared in Examole 1 The uquid crystal device was SJbiected to measurement of drving voltage and 
40 temperature margmgs m the same manner as in Example 1 The results are shown below 



Voitage margin (set ad 


Temp margmot 25 °C> 


10 °C 


20 :, C 


40 °C 


13 5 V (715 usee: 


14 5 V ( 225 usee) 


12.2 V (90 usee) 


±4.2 C, C 



As is apparent from the above Examples 9 anc 19. also in the case of a different device structure, the 
device containing the feroeiectnc liquid crystal composition 1-A according to the present invention provided 
wider env ng voltage and temperature margins ana showea a better performance cf retaining good -mages 
ir resistance tc changes .n environmental temperature and cell gap 

Examp es 1 1 - 23 



Jquid crystal compositions 11 -A to 16-A a-o 17-B to 23-B were prepared by replacing ;he exam.ple 
comoounds anc the -iouid crystal compositions used n Examole 1 and 5 with example compounds and 
■ •quid crystal compositions shown m tne following Taoie 1 Ferroelectric iqud crystal devices were prepared 
by resoectiveiy using these compositions instead of the composition 1-A. and subjected to measurement o' 
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dnving voltage and temperature margins and observation of switching states in the same marne r as in 
Oamp'e 1 In trie devices a rnonocomair with a good and uniform alignment charac r enstic was ODserved. 
The results of the measurement are shown in the following Table 1 
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'5 



3C 



25 



-5 



C 
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CM 
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As apparent from tne aoove ExamD.es 11-23 the ferroelectric liqud crystal devices containing the 



gap 
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Further, the iquid crystal device containing the liquid crystal compos tion according tc the present 
invention yruviOuc a decreased temperature dependence of response soeed (smaller ratio of set At (10 
X 40 "On 

Thus, early commei sianzation o ; a iiquid crystal device utilizing ferroeiectncity of a liquid crystal can be 
r > e<pectec by using the liquid oystal cum position according to the present invention. 

As cescnoed hereinabove according to tne present invention there is provided a iquid crystal 
compositor which s easily angned by simple ubbing treatment and provides a mcnodomain with a gooo 
and uniform alignment characteristic and with no detects 

Further the liquid crysta. device us;ng such a liauia crystal composition according to the presert 
-o mvcnten shows a good switching characteristic and provides a wider driving voltage margin and a wider 
temperature margrn affording satisfactory anve of entire pixels even when some degree of temperature 
fluctuation is present over a display area comprising the pixels of a liquid crystal device. 

Still further according to the present invention, there is provided a display apparatus and display 
method utilizing me iquid crystal covico described aoove as a display unit, which provide good display 
characteristics in combination with a hgnt source, a or vo circuit, etc 

A hquic crystal composition comprising at icas; one mesomorpmc compounc represented Oy the 
following formula (!) 




( I ) . 



J5 wherein R' ann R- independently denote a nnear or branched alkvl group having 1-18 carbon atoms 
capable of including one or non-neighboring two or more methylene groups which can be replaced with at 
'east one species of -O-. -CO-. -COD- -OCO- -OCOO-or -CH(<- with the proviso that -O- cannot erectly 
be connected tc -O- and X denotes naiogen 7' denotes -COO- or -CH : 0- X" and X : mceoendently denote 
a single bond. -0-. -COO-. -OCO- -CO- or -OCOO-. A denotes .?. single bono 

> , y — N N-N 

Jq>- \r- 



N-N /rT , 
-V V or V K 'y ; 



V and V independently denote hydrogen, halogen. -CM— or CFi-: ana at ! oast one mesomorphic 
comoound represented by the following formula (II). 

R 3-X 3 -A 2 -^"\ A 3^. Z 2_ A 4.^_ X 4_ R 4 

\ C / 



wnerem R ? arc R~ independently cenote a nnear or b'anched aik/l group having t - 18 carbon atoms 
capable of nciuJmg one or non-neichbonng two or more methylene groups wmch can be replaced with at 
least one species of -O- -CO- -COO- -OCO- -OCOO-or -CH<X>- w th the proviso that -O- cannot directly 
be connected tc -O- and X denotes naiogen: X : and X i independently denotes a single oond. -0-. -COO- 
1-5 -OCO-or -CO- Z : denotes a single oond -COO- or -OCO-. A : , A ' ana A ; independently denote a single 
oonc . 
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Y 3 y 4 



/TV 



N — 



° K 



)V or 



N- 



<Q> 



v and Y i independent^ denote nyd'ogen. halogen -CH : or -CP:, anc k is 0 or 1 with t^e proviso that X- is 
a single bona when A i= a single bend, and X c s a single oonc wnen A ;: is a single bond and k is 0 The 
I'Gu d crystal composition :s easey aligned by a simple rubbing method to o-ovide a un^form monodomam 
and further prov:ccs wider or vmg vcitage and temperature margins elective for providing a practical 
ferroeiectnc iquid crystal device 

jo Claims 

1. A nauic crystal compositicn. comprising: 

at :east one mesomorphic compounc representee] by the following formula fl) 




) , 



10 

wherein R 1 and independent y denote a linear or branched alkyl group having 1-18 carbon atoms 
capable of including one or non-neighboring two or more methylene grouos which can be replaced /vith 
at least one soecies of -0-, -CO- -COO-. -OCO- -OCOC-or -CH(X)- with the proviso that -O- cannot 
35 directly oe connected to -O- ana X denotes halogen: 7' denotes -COO- or -CH c O-; X" and X : 

independently denote a smgie bond. -0-. -COO- -OCO-. -CO- or -OCOO- A' denotes a singie bond, 



4C 




,5 N-N ^ 

-4 V or -/ \ 



x O / v s 



/ 



Y and / : maependent'y denote hydrogen, halogen. -CH ? - or CF - anc 

at least one mesomorphic compound representee by the fo'lowing formula (II) 



R 3 -X 3 -A 2 -^^- a 3_ ( . z 2_ a 4^_ x 4_ r 4 

:5 S 

wnereih R : and R c mcepenaentiy denote a linear or branched a ky grcuo navmg 1 - 18 carbon atoms 
capable of including one o' non-neighbonng two or more methylene groups which can be replaced with 
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di .east one syeues of -O- -CO-. -COO-. -OCO-. -OCOO-cr -CH(X)- with the proviso that -O- cannot 
directly oe connected to -O- and X denotes naiogen. X- and X' independently denotes a single bone. 
-O- -COO- -OCO-or -CO- Z denotes a single bond. -COO- or -OCO-: A'. A J and A 4 independently 
denote a single bond. 




Y" : and Y* independently denote hydrogen, haiogen. -CH :; or -CF : ,; anc k is 0 or 1 with the proviso that 
X- is a smgle oond when A : is a single bond, and X 6 is a single bona when A- is a single bond and k is 

0. 

A iiquid crystal composition according to Claim 1, which further comprises a mesomorphic compound 
represented by the following formula (III): 

F 

R 5 -X 5 ^7}z 3 ^X 6 -CH-C u H 2u+1 (III), 



wherein R z denotes a linear or branched aikyl group having 1*13 carbon atoms optionally having a 
substituent: X s denotes a singie bond. -0-. -COO- or -OCO-; Z ? denotes a single bond, -COO-. -OCO- 
-COS-or -SCO-; X 5 denotes -OCH?-. -COOCH -, -0CO- or -0<CH? ) k O-CHp- wherein k is an integer of 1 
- 4 

< A y denotes < H V , <Q\ or \Qy ; 



and u is an nteger of 1 - 12 

A hquid crystal composition according to Claim 1 wnerein the mesomorphic compound of the formula 
fl) is represented by any one of the following formulas (la> - (\e). 
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Y l y 2 



R 1 -xM^>-CO-:gvx2- R 2 (Ia)# 

o 

R 1 - X 1 -/~\cO- p-N 

S ' II — Q}-X 2 -R 2 (lb), 



o 



Y 

\ / 



r 1 - x 1 -f\co-.;Q>{QV x 2 -r2 



'S 7 „ 

o 



( Ic) 



S' 

6 



r^xW Vco^Rv— /nVx 2 -R 2 



^p^ x (Id) ' 311(3 



Y 1 Y 2 



6 



30 



^vhe'-e^r. R' ana R ; independently aenote a linear or brancnen aikyi group having 1 - 18 carbon atoms 
capable of including one or non-neighboring two or more methylene groups which can be replaced with 
at least one species of -C- -CO-. -COO-, -OCO- -OCOO-or -CHfX>- with the proviso that -O- cannot 
directly be connected to -0- ana X denotes nalogen. X' and X : independently denotes a single bond. 
-0-. -CO0-. -OCO- -CC- or -OCOO- and V and Y : independently denote hydrogen haiogen. -CHv or 

4. A icufd crystal comoosition according to Claim 1. wherein R" and R : m the formula (I) respectively 
denote any one of the following groups fl-i) tc fl-iv). 
an n-aikyl group having 2-16 carbon atoms. 

~: il-in 



? H 3 



4 5 



-fCH 2 > J?r CH-C n H 2n+1 



wherein m is an nteger c* 0 - 7 and n is an integer of 1 - 9: 
fl-uu 



CH 3 

i 

-^CH 2 t T -CH ^CH 2 -)^0-C t H 2t ^ 1 



A'he'-ei- r ts an integer c 0 - 7. s is 0 or 1 and I is an integer of l - 14 and 

(l-IVJ 
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^CH 2 i^-CH-C x H 2x+1 



wherein p is 0 cr 1, x is an integer oM - 14. and C- aenotes asymmetnc carbon atom 



5. A liquid crystal composition according to Claim 1, wherein the mesomorphic compound of the formula 
jo (II) is represented b/ any one o- the following formulas (lla) - (llq): 



3 N 



Y 3 Y 4 



( 1 1 a ) 



y 3 y4 y 3 y ^ 




( lib) , 



Y 3 y 4 
V {'■ "i>-Z 2 ^ H >-R 4 



( He) , 



35 




did), 



( He) , 




(Ilf ) , 




dig) , 
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y 3 y 4 
R 3 -X 3 S'3'> ^ \r 4 



Y 3 y 4 
, _ A-/' N 

r 3 -x 3 - 



Y 3 y 4 

3 - x 3 - rvJ 1 ~Y/+>v v 4 _ D 4 



y 3 y4 

— ' v S / N — ' 



Y 3 Y 4 

R 3 - X 3 - '7\\S A/R^ v4 _ D 4 



Y 3 y 4 

r 3 - x 3 -fF& — "X / r\V v 4_ D 4 



( Hi ) 



: 3 ~ 



r3-x3 -U>-^ n-t , ITW1 



{ III ) 



din). 



( I Io) , 



■A-nere.n R- and FT independently denote a .near or brancned aikyi group havmg i - 18 carbon atoms 
-apace of nclucmg one o- n:in-neighbonng two or nnore rrethylene groups which can be replaced with 
at least one speces ot -C- -CO- -COO- -OCO- -OCOO-or -CH(X)- with tn e proviso that -0- cannot 
d-rectly be connected to -0- and X cenotes ha:ocen X ; ana X* independently aenotes a single bona. 
•O- -COO- -OCO-or -CO-: cenotes a single bond -COO- or -OCO: and Y" : and Y c mdepencently 
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denote hycJ-ogyn halogen. -Chh or -CF. 

A iquid crystal composition according to Claim 1 wherein the mesomorohic compound of the formula 
(It) is representee by any one of the following formulas illaa) to (Una): 




( Ilaa) , 



( Ilab) , 



( Hba) , 
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(Ilea) 



( I Ida) 



(Ilea) 



(Ufa) 



( Hfb) 



(life) 



(Hfd) 



(Ilia) 



( Hib) 
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(Ilia), and 



( Una ) , 



wherein R- and R- independently denote a linear or branched alkyl group having 1-18 caroon atoms 
capable of including one or ncn-neighbonng twe or more methylene groups which can oe replaced with 
at least one species of -0-. -CO-. -COO-. -OCO-. -OCOO-or -CH(X)- with the proviso that -O- cannot 
directly be connected tc -O- ana X denotes haiogen; X' J and X i mdepencently denotes a single oond. 
-O- -COO- -OCO-or -CO-: ana Y- ana Y~ independently denote hydrogen, halogen. -CH : , or -CF,. 

A liquid crystal composition according to Claim 1 wherein R : and R 4 m the formula (II; respectively 
denote any one of the following groups fll-i) to (ll-iv): 

(ll-i) an n-alkyi group having 2-16 carbon atoms; 

(H-ii) 




^ CH 2^CH-C n .H 2n , +1 

wherein m' is an integer of 0 - 6 and n' is an integer of 2 - 8 

(ll-IH) 




-f CH 2 -h^CHH-CH 2 t3^0-C t ,H 2t , +1 



wherein r' is an nteger of 0 - 6. s' is 0 or 1. and t' is an inteaer of 1 - 12; and 

(ll-IV) 



F 

i 

-*CH 2 t_^CH-C x ,H 2x , + 1 



wherein p' is 0 or 1 and is ar integer jf 1 - 14 

A iiquid crystal composition according to Claim 2. wherein the mesomorphic compound of the formula 
(III) is represented by any one of tne follow ng formulas (Ilia) - (lllf): 
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F 

r 5 -x 5 a QVcoo^;Q>x 6 -ch-c u h 2u+1 (iH-a), 

i 4 ^ — ' * 



F 

R 5 -xV H VcOO^Q>X 6 -CH^C u H 2u+ 1 ( 1 1 1 -b ) , 

s — N — ' * 



-N 



— N 



' CH " C u H 2u+l 



( III-c ) 



r 5 -x 5 ^0>cos^Q>x 6 -6h-c u h 2u , 1 



( II I -d) , 



R 



5 v 5 



x^Q>sco a Q>x^ch~c u h 2u+ l 



( 1 1 1 -e ) , and 



F 

- — ' — * 



wherein FT denotes a 'inear cr branched alky* group having 1-18 caroor atoms cotionaily having a 
substitjent, X' denotes a smqie bono -C- -COO- or -OCO-: >C denotes -OCH-- -CCOCH--. -OCO- or 



-Of CH 2 tRO-CH 2 - 



wnerem h is an integer cf 1 - 4 ana u is an nteger of 1 - 12 

9. A liquid crystal composition accorcmg to Cairn 8. wheretn )C and X* m the formulas filial to flllf) 
denote any one of me fc'owmg :ombina'ions ( ll-u tc (lll-v) 

(lll-i) X ,s a smgie Dond anc is -O-CH— 
Mll-m V. is a smgc ccna an 1 >C is -COO-CH- 
(lll- ii) * is a smc'e oond an: > r } is -OCO- 
illl-iv) < s -0- ano <" is -0-CH : - and 
(Hl-v i Y. is -O- and '.<-■ is -CCOCH:- 

10. A hauid crystal ccnpDs-ton according to Claim, i which composes 1 - 90 v,x c c m total of -he 
mesomorphic compounds cf *he formulas fl) and ill) 

11. A Iiquig crystal compositor according to Claim 1 //men composes 2 - 80 wt °c m total of tne 
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mesomcpnic compounds of the formulas (li ana nl) 

12. A liquid crystal ccmpositon acco r aing to Cairn 1 a n i c h comprises 4 - 80 wt % in totai of the 
mesoma phic compounds of the formulas M) and fil) 

13. A liquid crystal composition acceding to Ciaim 2 which comprises 1 - 99 wt. °o in total of the 
mesomorphic compounds of the fcrmuias (I) (II) and (III). 

14. A liquid crystal composition according to Claim 2 which comprises 4 - 90 wt. °o in total of the 
mesomorphic compounds of the formulas (I) (I!) and (III) 

15. A iquiO crystal composition according to Claim 2 which comprises 6 - 80 wt. D o in total of the 
mesomorphic compounds of the formulas (I) (II) ana (HI) 

16. A liquid crystal composition acccrcmg to Claim 1 or 2. which has a chiral smectic phase. 

17. A hquid crystal device, comonsing a par of electrode plates and a liquid crysta ; composition according 
to Cla^m 1 c 2 cisposed between the electrode plates 

18. A hquid crystal device according to Claim 17 which further comprises an insulating alignment controi 
layer. 

19. A hquid crystal device according to Claim 18. wnerem the insulating alignment ccntrol layer has been 
subiected to ruobing 

20. A hquid crystal device according to Ciaim 1 T wherein the liquid c-ystai composition is disposed in a 
thickness suppressing formation of a helical structure of liquid crystal molecules between the electroae 
plates 

21. A disp'ay apparatus comprising a I qu a crystal aevice according to Claim 17 and voltage application 
means for driving the liquid crystal device 

22. A display apparatus comprising a liquid crystal device according to Claim 21 voltage application 
means fcr driving the liquid crystal device, ana a drive circuit. 

23. A display apparatus comprising a ncuic crystal device according to Claim 21. voitage application 
means for driving the hauid crystal aevice. ana a ngnt source. 

24. A display method comonsing. 

providing a liquid crystal composition according to any one of Claims 1-15: and 
sw.tcnmg the alignment direction of hcuid crystal molecules by applying voltage to the liquid 
crystal composition to effect dispiav. 

25. A display method comprising 

providing a liquid crystal composition according to Claim 16. and 

switching tne alignment direction of licuid crysta> moiecules Dy applying voltage to the uqjid 
crystal composition to effect disp ay 

26. A diSpay method comprising: 

providing a IicjiO crystal cevice according to Claim 17. anc 

switching tne alignment direction of icuic crystal molecules by applying voltage to the liquid 
crystal composition asposed between the electrode plates to effect osplay 

27. A d spay method. comprising: 

orovidmg a hcuid crystal aevice according to Claim 18: ana 

switching tne alignment direction of icuic crystal molecutes by applying voltage to the liquid 
crystal composition d sposed between the electrode pates to effect cispiay 
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28. A cisplav method, oomDnsmg 

oro/idmg a - quia crystal aevice according to Claim. 19 and 

switching the alignment direction of hquid crystal molec-ies by applying votace tc tne liquid 
crystal ;ompusition disoosec between tne electrode c.ates tc effect jisoiay 

29. A display method, comprising 

orovidmg a I qu d crystal cevice according tc C^atrr 20. and 

switching tne alignment d recti on of liquid crystal moecjies by aoDlying voltage to the liquic 
crystal comocsiticr disposed oetween tne electrode plates tc ef'ec: display 
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